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ABSTRACT 

We investigate the band structure of Fe-based superconductors using the first-principle method of density-functional 
theory. We calculated the band structure and the density of states at the Fermi level for ReFeAsO (Re = Sm, Er) 
superconductors. Our calculations indicate that the maximum critical superconducting transition temperature Tc will be 
observed for compounds with Sm and Er at 55 and 46 K, respectively. 
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1. Introduction 

The discovery of a new class of high-temperature super- 
conductors—Fe-based layered compounds—aroused a 
significant interest at the beginning of 2008 and gave 
hope for a progress in the synthesis of novel high-tem- 
perature superconductors (HTSC) up to room-tempera- 
ture superconductors [1,2]. The important role in the ex- 
planation of physical properties of superconductors is 
played by calculations of the electronic structure from 
the first principles. It is worth noting that one of the basic 
properties of high-temperature superconductors is the pre- 
sence of many bands [3]. In the work [4], it was shown 
that the formation of a superconducting state depends es- 
sentially on the density of states near the Fermi surface. 

In the present work, we investigate the band structure 
of some Fe-based compounds, by using the first-principle 
method of density-functional theory. Compound  
SmFeAsO showed the evidence of superconductivity at 
as high as 55 K. Also the superconducting ErFeAsO has 
recently been found [5]. 

These superconductors have a complicated multiband 
structure. We calculated the band structure and the den-
sity of states at the Fermi level. Our calculations indicate 
that the maximum critical superconducting transition tem- 
perature Tc will be observed for compounds with Sm. We 
obtain that Tc = 46 K for the compound ErFeAsO. 

The novelty of this work is that we are having band 
calculations from first principles and using a magnetic 
pairing mechanism makes the assessment of the super- 

conducting transition temperature Tc. We first present the 
band calculations of superconductor ErFeAsO, which 
isopened much later than other iron superconductors. 

2. Methodology 

We calculate the band structures of HTSC, by using the 
Band Lab program. This program is designed for Win- 
dows computer systems and performs calculations of the 
electronic structure of crystalline solids. 

The bands are calculated using the method outlined by 
Pickett [6] within the density-functional scheme [7]. Since 
a summary of the method and its applications has been 
presented by Devreese and Van Camp [8], we outline the 
method here only in brief. 

Starting with the N-electron problem in the field of io- 
nic potentials 
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with the ions at static positions Rm, we have the Hamil- 
tonian 
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 n r  is the electron density operator at r, and Here, 
  –v r r  is the Coulomb interaction. 
Hohenberg and Kohn established that there is a one- 
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to-one correspondence between the ionic potential Vion 
(to within an arbitrary constant) and the ground state den- 
sity n, so that the many-body problem can be considered 
as a functional of the density, rather than a functional of 
the potential [7]. 

Hohenberg and Kohn [9] established that, for varia- 
tions δn of the energy density which conserve the particle 
number N, the ground-state energy functional  E n  is 
minimized by the ground-state density, with corrections 
of the order of δn2. The resulting variational principle 
allows one to accurately obtain numerical results. 

The energy functional has the form: 
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where 0  is the kinetic energy of the system of in- 
teracting electrons with the density , and 

T n
 n r  xc  

is the exchange-correlation energy. If one has adequate 
approximations for 

E n

 0  and T n  xcE n , the energy can 
be obtained directly from relation (3), by the minimiza- 
tion with respect to .  n r

The energy functional is minimized by the density 
functional described by the above-presented relations, by 
performing iterations to attain the self-consistency. 

Within the density-functional theory, the one-electron 
eigenvalues and eigenfunctions have no physical mean- 
ing and are not physically realizable. Some reviews con- 
taining discussions of applications of the density-func- 
tional theory, as well as the generalization to spin-polar- 
ized systems, are given, for example, in [10]. 

3. Band Structures of a Number of 
Oxypnictides ReFeAsO 

The crystal structure of compound ReFeAsO is shown in 
Figure 1. Such substances possess the tetragonal struc- 
ture at room temperature. The crystal structure is formed 
by alternating FeAs layers revealing antiferromagnetism 
which are separated by ReO layers. The results of calcu- 
lations of the electronic spectrum can be found in [11]. It 
should be emphasized that the specific features of the 
electronic spectrum are related to the quasi-two-dimen- 
sional character of superconductivity in FeAs planes. 

In many works, the increase in Tc which is caused by 
the replacement of La by other rare-earth elements is 
frequently named the “chemical” pressure [11]. A similar 
effect is characteristic of high-temperature superconduc- 
tors [12]. The substitution of various rare-earth ions into 
the series of compounds ReFeAsO, as distinct from cu- 
prate superconductors ReBaCuO, leads to a quite large 
dispersion of values of Tc. We may consider the magnetic 
mechanism of pairing in Fe-based superconductors. 
Spins of rare-earth ions interact strongly with spins of 

 

Figure 1. Crystalline structure of ReFeAsO. 
 
iron and can essentially influence the spectrum of spin 
fluctuations in FeAS planes, which increases Tc if the 
magnetic mechanism of pairing is dominant. 

We have carried out ab initio calculations for a num- 
ber of oxyphictides ReFeAsO in the framework of an ap- 
proach based on density-functional theory. The results of 
calculations are presented in Figures 2 and 3 for the 
band structure and the density of states in ReFeAsO. At a 
comprehensive study of the density of states, the rela- 
tionship of the density of states at the Fermi level and the 
value of Tc is revealed. When comparing the band calcu- 
lations Figures 2 and 3 shows that the density of states at 
the Fermi level is much higher in Figure 2 than in Fig- 
ure 3, that is a superconductor SmFe AsO has a higher 
density of states than ErFeAsO. Therefore, the estimates 
for formula (4) give the above superconducting transition 
temperature for SmFe AsO. In Figure 4, we give the 
results of our theoretical calculations (circles) and ex- 
perimental values (squares) of the critical supercondict- 
ing transition temperature. We indicate a good agreement 
with experimental data. In the calculations of Tc, we used 
the BCS-like formula for the magnetic mechanism [13] 
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          (4) 

where θ-energy of spin fluctuations , V-attractive pairing 
potential acting between electrons, fN E -density of 
states on the Fermi surface. 

4. Summary 

The discovery of a new type of high-temperature super- 
conductivity in a FeAs system generates expectation of 
the appearance of novel superconductors with higher Tc 
by means of the doping that consists of the substitution 
of the atoms lying outside of the principal layers com- 
prising FeAs. In FeAs, such a doping is favorable due to 
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Figure 2. Results of our calculations of the band structure 
and the density of states for SmFeAsO with Tc = 55.0 K. 
 

 

Figure 3. Results of our calculations of the band structure 
and the density of states for ErFeAsO with Tc = 46 K. 
 
the easy replacement of chemical elements. In com- 
pounds ReFeAsO, the substitution of the rare-earth ele- 
ment is of special interest. We have carried out ab initio 
calculations for a number of oxypnictides ReFeAsO in 

 

Figure 4. Dependence of Tc on the density of states on the 
Fermi surface N(Ef) for ReFeAsO [13] (○—theory, □—ex- 
periment). 
 
the framework of density-functional theory. Our results 
indicate that the maximum critical superconducting tran- 
sition temperature will be attained for compounds with 
Sm    55 KcT     46 KcT  and for ErFeAsO . 
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