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Abstract—the electronic structure and structural phase stability of EuCo2As2 compound is studied using the Full Potential Linearized Aug-
mented Plane Wave (FP-LAPW) method implemented in WIEN2K. To study the structural stability and phase transition, the total energies 
of this compound have been computed as a function of reduced volumes and fitted with Brich Murnaghan equation. The estimated lattice 
parameters are in good agreement with available experimental data. The present theoretical calculations reveal that EuCo2As2 undergo a 
structural phase transition from Tetragonal phase into Collapsed Tetragonal phase under pressure at about 4.0 GPa. The estimated phase 
transition parameters are in good agreement with recent experimental data. 

Index Terms— Electronic Structure, Ab initio calculations, Structural phase transition, High pressure, Superconductors.   
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1 INTRODUCTION                                                                     
The discovery of superconductivity in iron pnictides [1] 

has initiated an enormous amount of activities related to these 
materials. The pnictides REFe2As2 (RE = rare earth, alkaline 
earth), which form in the tetragonal ThCr2Si2 (“122”) - type 
structure, are one class of materials which exhibit supercon-
ductivity under appropriate chemical-doping or under the 
application of external pressure. EuFe2As2 is a member of the 
“122” family and exhibits superconductivity under the appli-
cation of 2-3 GPa pressure [2]. This family (122) undergoes an 
isostructural phase transition from tetragonal to collapsed te-
tragonal phase which is accompanied by anomalous com-
pressibility effects [3], [4], [5]. Studies on 122 phosphide sys-
tems have been carried out and isostructural transitions from 
tetragonal to collapsed tetragonal accompanied by negative 
compressibility axial properties have been reported in ternary 
phosphides under pressure [6], [7] and in other compounds 
[8].The experimental observation of pressure induced isostruc-
tural phase transition accompanied by an abnormal increase in 
the a-axis and drastic decreases in c-axis. The CaFe2As2 (122 
family) at ambient pressure undergo phase transition from a 
tetragonal to an orthorhombic phase at 172 K accompanied by 
a magnetic transition [9].At low temperatures, when the pres-
sure is above 0.35 GPa, the orthorhombic structure of 
CaFe2As2 transform to a collapsed tetragonal structure but no 
signature of superconductivity[10]. The electronic band struc-
ture calculation on CaFe2As2 system such structural phase 
transitions strongly affect the electronic structure of this sys-
tem is reported by T.Yildiriym et al [11].    

The occurrence of both pressure induced superconductivi-
ty and isostructural (tetragonal [T] to collapsed tetragonal 
[cT]) phase transition accompanied by extremely anisotropic 

and negative compressibility axial phenomenon in which the a 
axis length increases while the c axis length decreases under 
pressure has also been reported in the ternary 122-type iron-
pnictide superconductors EuFe2As2,BaFe2As2[5], and 
CaFe2As2[12].  
 

The negative compressibility phenomenon is suggested 
to be a common phenomenon in other iron-based supercon-
ductors of type AT2As2 (A = Ba, Eu, Sr, Ca and T = Fe, 
Co).Very recently Magnetic properties and superconductivity 
of EuCo2As2 compound (Fe atoms are replaced by Co atoms 
in AeFe2As2 materials) have been studied by J Ballinger et al 
[13]. They found that the magnetic structure for FM interac-
tions combined with the appearance of the antiferromagnetic 
ordering and the anisotropic magnetic behavior at lower tem-
perature suggest a magnetic structure in which the Eu2+ spins 
most likely align ferromagnetically with in the a-b plane and 
antiferromagnetically along the c-axis.  The Eu2+ spin of single 
crystal EuCo2As2 is of an A-type AFM structure below 39 K. 
These magnetic characterizations are similar to those of 
EuFe2As2, and there is no evidence for a Co2+ magnetic mo-
ment. The valence fluctuation to have an influence on magnet-
ic phase transitions at low temperatures and have an overall 
effect on structural phase transitions under high pressure at 
room temperature due to enhanced compressibility that ac-
companies valence fluctuations. Matthew Bishop et al [14] 
studied the structural properties of EuCo2As2 up to 35 GPa, 
using high pressure XRD in a diamond anvil cell. They found 
that EuCo2As2 undergoes a structural phase transition to a 
“collapsed tetragonal phase” (cT-pahse) under pressure in 
which the a-parameter increases from 3.9671Å to 4.0615Å and 
c-parameter reduced from 11.0632Å to 10.0510Å. The anoma-
lous compressibility of the a axis continue until 4.7GPa. This 
interesting report motivated the present study on EuCo2As2 
using first-principles calculations.  
 

With the increase of computational power, ab initio calcula-
tions become a powerful tool in understanding the electronic 
band structure and structural phase stability of materials. This 
paper deals with the theoretical investigation of high pressure 
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phase transition of EuCo2As2 from tetragonal phase 
(I4/mmm) to collapsed Tetragonal (I4/mmm).The next section 
describes the method of calculation. The third section presents 
the Crystal Structure details. The fourth section describes the 
structural phase stability. The fifth section gives the result and 
discussion and last section is devoted to conclusion. 

2 METHOD OF CALCULATION  
The linearized augmented plane wave (LAPW) method is 

one of more the accurate methods for performing electronic 
structure calculations. It is based on the density functional 
theory for the treatment of exchange and correlation and uses 
the local spin density approximation (LSDA). But recent im-
provements using the generalized gradient approximation 
(GGA) gives better results for electronic structure calculations 
for crystals. In this work the electronic structure calculation of 
EuCo2As2 compound was calculated using the full potential 
linearized  augmented plane-wave (FP-LAPW) method im-
plemented in WIEN2K [15] within the generalized gradient 
approximation (GGA) to the exchange-correlation potential 
according to the Perdew-Burke-Ernzerhoff parameterization 
[16]. In the present calculation of EuCo2As2 compound the 
valence electrons of Eu (4f7 5d0 6s2) orbital, Co (3d7 4s2) states 
and As (3d10 4s2 4p3) states are treated with generalized gradi-
ent approximation (GGA). The muffin tin radii were chosen as 
2.5 a.u, 2.32 a.u for Eu, Co and 2.05 a.u for As in the Tetragonal 
(I4/mmm) phase whereas for Collapsed tetragonal 
phase(I4/mmm) the muffin tin radii were chosen as 2.5 
a.u,2.18 a.u for Eu, Co and 1.93 a.u for As. The Brillouin zone 
sampling was performed according to the Monkhorst-Pack 
scheme. 1000 k points in the entire Brillouin zone were used 
for k-space integration for both phases of EuCo2As2. The 
number of plane waves in a Fourier expansion of potential in 
the interstitial region was restricted to RMT x kmax = 7. The total 
energy calculations the energy convergence criterion was set 
to 10-6 Ryd for both ambient and high pressure tetragonal 
phases. 

3 CRYSTAL STRUCTURE OF EUCO2AS2 
At room temperature, EuCo2As2 crystallize in the 

ThCr2Si2 structure (space group I4/mmm) as shown in Figure 
1. The unit cell has two formula units. The experimental lattice 
parameters are a = b = 3.9671 Å and c = 11.063 Å [14]. The 
atomic positions for space group I4/mmm: Eu (2a) (0 0 0), Co 
(4d) (1/2 0 1/4), and As (4e) (0 0 zAs), where zAs is the internal 
parameter. Present calculations reveal that variation of zAs as a 
function of pressure is not appreciable; hence the experimental 
value of internal atomic parameter zAs is used throughout the 
calculation. The high pressure phase of collapsed tetragonal 
structure (cT) is also having   the same phase group but with 
larger a=b=4.0615 Å and smaller c=10.0510 Å lattice parame-
ters. EuCo2As2 basically exhibit Body centered tetragonal 
symmetry (I4/mmm) at ambient condition. In order to esti-
mate the equilibrium lattice parameters of EuCo2As2 in BCT 
(I4/mmm) as well as for cT phase, the total energies are calcu-
lated as a function of volume and fitted with the Birch Murna-
ghan equation [17]. The estimated lattice parameters are given 

in Table.1 along with the available experimental values.  
 

TABLE .1 
Estimated Equilibrium Lattice parameters a(Å) and c(Å) of T 
and cT phases of EuCo2As2. 

Structure 
Lattice parameter 

a (Å) c(Å) 

Tetragonal 3.9404 
3.9671a 

10.9834 
11.063a 

Collapsed    Tetragonal 4.0546 
4.0615a 

10.0340 
10.0510a 

a Expt[14]. 

The calculated bulk modulus of EuCo2As2 in tetragonal 
phase is 63.68 GPa (48±4GPa) and that of collapsed tetragonal 
phase is about 93 GPa (111±2GPa). The experimental observa-
tion of increasing trend in bulk modules from normal to high 
pressure phase of EuCo2As2 is also obtained in the present 
calculations. 

 

 
 

Fig. 1. Crystal Structure of EuCo2As2 

 
The c/a ratio in the tetragonal and collapsed tetragonal phases 
are optimized by total energy minimization and it is found to 
be 2.70 Å and 2.40 Å for both phases which are in good 
agreement with the experimental value [14]. The c /a minimi-
zation for tetragonal and collapsed tetragonal phases are 
shown in Figure 2. 

 
Fig. 2. c/a optimization curve for T and cT phases of EuCo2As2 
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4 STRUCTURAL PHASE STABILITY  
In order to study the structural phase stability of Eu-

Co2As2, the total energies are calculated in a manner similar to 
our earlier works [18], [19] for Tetragonal and collapsed te-
tragonal structures by reducing volume from 190 Å  to 140 Å. 
The variations of the total energies with relative volume for 
both phases of EuCo2As2 compound are given in Figure 3. 
From the graphs, it can be clearly seen that tetragonal phase is 
more stable at normal pressure; however it undergo structural 
phase transition to collapsed tetragonal structure under pres-
sure. 

 
Fig.3. Variation of Total Energy (per formula unit) versus Volume for T and 

cT phases of EuCo2As2. 
 
  The calculated total energies are fitted to the Birch 
equation of state [20] to obtain the pressure volume relation. 
The EOS graphs connecting the pressure and relative volume 
in tetragonal and collapsed tetragonal phases are shown in 
Figure 4. The pressure is obtained by taking the volume deriv-
ative of the total energy. The bulk modulus is also calculated 
from the P–V relation 
 

B=-V0 dP/dV                                         (1) 
 
The structural phase stability is determined by calculating 
Gibb’s-free energy (G) [20] for tetragonal and collapsed tetrag-
onal structures, which is 
 

G=E tot +PV-TS                                      (2) 
 
Since the theoretical calculations are performed at 0 K  

H=E tot +PV                                           (3) 

At a given pressure a stable structure is one for which enthal 
py has its lowest value and the transition pressures are calcu 
lated at which the enthalpies for the two phases are equal. The 
high-pressure behavior of EuCo2As2 is as follows: the transi-
tion from tetragonal and collapsed tetragonal occur around 4 
GPa with a volume collapse of 2.5%, which are comparable to 
experimental transition pressure 4.7 GPa and volume collapse 

of 3.8 %. 

 
Fig.4. Equation of State of EuCo2As2 

 
The phase transition pressure can be obtained by matching 
enthalpies of both structures such that the difference of en-
thalpy becomes zero. i.e. (ΔH=HB2-HB1=0) at transition pres-
sure. The phase transition pressure (4.0 GPa) reported in this 
work agrees well with the available experimental value (4.7 
GPa) [14] shown in Figure 5. 
 

 

Fig.  5. Estimation of the phase transition from Tetragonal to Collapsed 
tetragonal structure 

5 RESULT AND DISCUSSION 
The electronic band structure calculation and bonding 

analysis are important for isostructural phase transition to get 
a better understanding of the cT-phase. It is well known that 
ferromagnetic interactions with the appearance of antiferro-
magnetic ordering suggest that Eu spin align antiferromag-
netically along c-axis. Present calculations also reveals that 
AFM ordering is more stable compared to FM ordering. Fig-
ures .6 show the electronic band structure of tetragonal and 
that of collapsed tetragonal structure. In collapsed tetragonal 
phase show that despite to the 0.89 Å c- axis reductions, the 
band structures of both phases are similar. The main differ-
ence between the two phases is that most of the bands are 
shifted in lower energy in the cT-phase which is expected 
since the cT-phase has the lower energy. This downward shift 
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of the bands is most obvious in the band structure plot along 
the M-Z-X-P direction as shown in Figure.6.  
 

               
Fig. (6a)              Fig. (6b) 

Fig. 6. Electronic band structures for T phase (a) and cT phase (b) 
 

In the T-phase, there were several states above the Fermi 
level which crosses the EF along the M-Z-X-P direction. This 
results in a larger density of states at the Fermi level. However 
for the case of cT-phase, note that most of the bands just above 
EF in the T-phase are now just below the EF in the cT-phas and 
there is only one band which crosses the EF along the M-Z-X-P 
direction. Present result for the T-phase agrees well with pre-
vious calculations [21], [22], [23]. The pressure-induced 
isostructural phase transition to a collapsed tetragonal at am-
bient temperature is not unique among arsenic compounds 
that have ThCr2Si2-type structure. The effect is found among 
the phosphides that are isostructural to AT2As2 compounds 
such as EuCo2P2, SrNi2P2 and EuFe2P2 [24]. These phosphides 
compounds have been widely studied and the rapid decrease 
observed in their c/a ratios in the collapsed tetragonal phase 
has been attributed to bonding transitions associated with the 
formation of a P–P single bond between ions in adjacent 
planes along the c axis [25].  
 

        
Fig. (7a)    Fig. (7b) 

Fig. 7. Valance charge density for Tetragonal (a) and cT (b) 
 
In connection to arsenic compounds, recent theoretical calcula-
tions for CaFe2As2 suggest that there is a similar transition in 
the bonding character of As ions and the enhancement of the 
As–As bonds across the Fe2As2 layers under pressure [11]. In 
order to reveal that there is large hybridization between As 

ions in the Eu122 system, show the contour plots of the rele-
vant orbitals in Figure 7. It is clear that the As ion below the 
top Co-plane makes a bond (or hybridizes) with the arsenic 
ion which is above the lower Co-plane. Hence this overlap of 
the As-As along the c-axis makes this system quite isotropic 
and far from being layered system.According to bond-
population analysis, the As-As bond strength increased in the 
cT-phase. Due to close proximity of the As ions in adjacent Co-
layers, the observation of the As-As interaction is natural. It is 
interesting to note that there is almost the same type of hy-
bridization between two arsenic ions on the same Co-plane as 
shown in the right panel of collapsed tetragonal phase. The 
present results are also good agreement with the previous re-
ported 122 type compound of CaFe2As2 system [11]. 

6 CONCLUSION 
In the present study structural phase stability, high pres-

sure behavior and electronic structure of EuCo2As2 was inves-
tigated using WIEN2K code. The GGA calculated structural 
parameter obtained from the present study is in agreement 
with the experimental values. Present study reveals that this 
compound undergoes a structural phase transition from Te-
tragonal phase into Collapsed Tetragonal structure under 
pressure. The phase transition pressure obtained in this work 
agrees well with the recent experimental value. The present 
investigation also indicates that the Tetragonal structure Eu-
Co2As2 is energetically more stable at ambient conditions. The 
bonding analysis of collapsed tetragonal phase make known 
that As-As interactions is strong during the compression along 
c- axis. The strength of this interaction is mainly controlled by 
the Co-As chemical bonding.  
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