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Abstract - To understand the superconducting properties, the recent study focuses on the electronic structure of the cuprate 

superconductor CaCuO2, obtained by Density Functional Theory (DFT), with particular attention to the CuO chain molecules. 

Using the Quantum ESPRESSO code, self-consistent calculations are carried out on tetragonal CaCuO2. The Tc > 100 K 

observed in multilayered calcium cuprates in the present case is rare in high-temperature superconductors. At a charge carrier 

concentration of 0.15 per CuO2 unit, the hole-doped and electron-doped CaCuO2 systems have Tc of 89 K and 34 K, respectively.  

Lattice parameter variations may be linked to pressure by an anomalous hump, evident around 10 GPa. The study relies on the 

CaCuO2 crystal structure, atomic positions, total-energy cutoff for plane waves, band structure, Density of states, and pressure-

induced modifications. Finally, the results obtained can have broad significance in understanding the mechanisms of high-

temperature superconductivity in cuprates, electronic behavior, and structural stability. 
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1. Introduction  

The mechanical and electronic behavior of materials at 

the nanoscale is currently being studied through 

computational modeling. Among these, Density Functional 

Theory (DFT) is regarded as a powerful computational tool. It 

helps to calculate the electronic, structural, and mechanical 

parameters with good accuracy [1-4].  In this regard, the 

electronic and superconducting characteristics of Calcium 

Copper Oxide (CaCuO2) are studied through DFT. The 

CaCuO2 is a kind of good cuprate material which is well 

studied for its high-temperature superconducting Nature [5-7]. 

A basic understanding of CaCuO2 is essential for the 

fabrication of future superconductors and electronic devices 

based on this material.  The Fermi surface, electronic Nature, 

and mechanical response under applied pressure are essential 

to study. The development of next-generation electronic and 

superconducting technologies depends significantly on the 

understanding of fundamental properties related to CaCuO2. 

The electronic structures and Fermi surface topology, as well 

as their mechanical responses under applied pressure 

conditions, need to be studied. Using CASTEP and Quantum 

ESPRESSO, the framework is optimized by using First 

Principles.  The open-source quantum-mechanics package 

Quantum ESPRESSO provides DFT calculations for this 

study [8-12]. Any electronic interactions are modeled using 

plane-wave basis sets and pseudopotentials within Quantum 

ESPRESSO. During structural optimization, the CaCuO₂ 

system needs BFGS because it allows the system to find 

atomic position and lattice parameter configurations that 

produce a minimum total energy. The layered structure of 

CaCuO2 highlights the importance of the CuO planes, which 

helps to understand its behavior at the high critical 

temperature [13]. The local correlation in layered-structured 

CaCuO2 shows a modest coupling between electrons at the 

Fermi surface and optical breathing modes [14]. The 

theoretical phase diagram and many-body electronic structure 

of CaCuO2 suggest that it is a charge-transfer material [15]. 

The spin fluctuations in undoped CaCuO2 in the 

superconducting state require more accurate characterization 

[16]. The DMFT study on minimal models of CaCuO2 

suggests it has both antiferromagnetic and superconducting 

behavior with hole doping. Both states lead to a partial 

gapping of the 𝑑𝑥2−𝑦2 Fermi surface sheet [17]. The Linearised 

Muffin-Tin-Orbital (LMTO) method showed the 3D Nature of 

strong coupling between the closely spaced CuO2 layers [18]. 

The three self-consistent 𝐺𝑊-based methods studied the 

electronic structure of CaCuO2, which inferred a change in the 

Fermi surface near the Γ point [19].  The Fermi surface and 

band structure are computed using the CASTEP software 

package to provide an accurate representation of the electronic 

structure. With CASTEP, it is easy to investigate the relative 

importance of exchange-correlation functionals, such as the 
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GGA and hybrid functionals, on electronic properties of 

CaCuO₂ [20-24]. The calculated Fermi surface topology 

shows that the numerous detailed features are essential for 

understanding how charged carriers move in this material. In 

the case of CaCuO₂, it has a tetragonal structure (P4/mmm 

space group), with Ca and Cu ions arranged in planes. The 

DFT framework is used to optimize the lattice parameters for 

the experimentally obtained values of a = b = 3.87498 Å & c 

= 3.20976 Å, with a c/a ratio of 0.82 [25-29]. The optimized 

atomic positions and bond lengths provide information on the 

stability and bonding of this material. Band-structure analysis 

shows that CaCuO₂ is a metal, with bands crossing the Fermi 

level, indicating free charge carriers. Since there is no energy 

gap, this material can be a good electrical conductor and used 

in electronic devices. This finding is also supported by further 

examination of DOS, which shows large contributions from 

Cu(3d) & O(2p) orbitals near the Fermi level [30, 31]. 

Pressure-dependent studies provide insight into the physical 

and architectural stability of substances under different 

conditions [32, 33].  

Elastic moduli, Young's modulus (Y), Bulk modulus (B), 

and Shear modulus (G) are analyzed and found to have a 

systematic increase in stiffness with applied pressure. Higher 

values of C₁₁, C₁₂, C₁₃, C₃₃, and C₄₄ elastic constants increase 

the mechanical stability under compression. Another result is 

that the pressure also increases the calculated Poisson’s ratio, 

which implies that as pressure rises, the material becomes 

increasingly less compressible in the in-plane direction but 

maintains lateral expansion under axial strain. The Fermi 

surface topology is strongly affected by pressure-induced 

changes in the charge-carrier distribution and electronic 

interactions. Such pressure-induced Density of states changes 

are well matched by the change in peak position and intensity 

[34, 35]. CaCuO₂ exhibits strong electron-phonon coupling, as 

evidenced by pressure-induced electronic changes and Fermi 

surface modifications, which play a key role in 

superconductivity. In this regard, the phonon dispersion 

relation, along with electron-phonon interactions, needs to be 

investigated for superconducting transitions. Furthermore, the 

computational insights discussed in this study will need to be 

experimentally validated. 

Using DFT-based simulations, this study examines the 

basic properties of CaCuO₂, demonstrating that it is metallic, 

mechanically robust, and pressure-sensitive, with its 

electronic behavior transducing pressure. This also provides a 

strong basis for further studies of CaCuO₂ for electronic and 

superconducting applications by analysing structural 

optimisation, electronic band structure, Fermi surface 

topology, and elastic properties [19]. The band structure, 

Density of States (DOS), and elastic properties of CaCuO₂ 

under different pressures are being investigated in this study. 

The present work details the mechanical, electronic, and 

structural characteristic changes under external stimuli in 

CaCuO₂. The pressure (0–20 GPa) response of the unit cell 

volume, the lattice parameters, and elastic properties is 

investigated in the present study for CaCuO₂. 

 

2. Computational Approach  

Both structural and electrical calculations run through the 

Quantum ESPRESSO software. Quantum ESPRESSO is a 

comprehensive software package that enables modeling 

materials by conducting electronic-structure calculations 

based on first principles [8-10]. This calculation method 

includes plane wave basis sets and two norm-conserving and 

ultrasoft pseudopotential density functional theories. 

Quantum ESPRESSO is the chosen software platform because 

its acronym stands for Open-Source Package for Research in 

Electronic Structure simulation and optimisation. Atomic-

core descriptions in the software are provided by Ultra-Soft 

(US), PAW, and pp, with Norm-Conserving pp (NC) as one 

of these options. The many-body system relies on plane-wave 

basis sets to describe electron-ion interactions [36-41]. The 

tetragonal CaCuO2 crystalline structure adopted values of 

a=b=3.87498Å and c=3.20976 Å as parameters, while the 

axial ratio reached 0.82. A complete convergence test was 

conducted for total energy on Brillouin-Zone k-point sampling 

and Kinetic Energy cutoff values. The computational process 

in the Quantum ESPRESSO model proceeds through the 

optimisation step. In controlling calculation environments, the 

variable cell parameter maintains operational status during all 

procedures. The threshold-ion optimisation process uses 

1.00000e-03 Ry/Bohr as its terminal values. The optimisation 

process was executed by the BFGS method. Researchers use 

the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm as 

a primary choice for numerical optimisation because it solves 

nonlinear problems without constraints [42-45]. Similar to the 

Davidon-Fletcher-Powell method, the derivative prepares 

gradient information with curvature data to generate descent 

directions. The generalized secant method constructs Hessian 

matrix approximations using gradient data to determine the 

Hessian. Cell's optimisation system enables the BFGS method 

to run until a threshold of 5.00000e+01 GPa is reached. The 

analysis is performed at 1.20000e+02 GPa after defining the 

pressure. The research investigates the propagation patterns of 

stress and strain in two crystalline material structures. The 

elastic properties yield different results through Voigt and 

Reuss assumptions, where the Reuss approach returns 

theoretical minimum values, but the Voigt approach gives 

theoretical maximum values. Both elastic constant 

assumptions enable researchers to evaluate the average elastic 

properties of single crystals through anisotropic elastic 

constant measurements. In the case of tetragonal lattices, the 

GR & GV are both equal to:  

𝐺𝑅 =
15

4(𝑆11+𝑆22+𝑆33)−4(𝑆12+𝑆23+𝑆31)+3(𝑆44+𝑆55+𝑆66)
  

𝐺𝑉 =
1

15
[(𝐶11 + 𝐶22 + 𝐶33) − (𝐶12 + 𝐶23 + 𝐶31) +

3(𝐶44 + 𝐶55 + 𝐶66)]  
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where cij and sij, respectively, stand for the elastic 

stiffness and compliance coefficients. The inverse matrix for 

cij is sij, and vice versa. Additionally, there is a concept known 

as the Hill theory, where 

𝐵𝐻 =  
(𝐵𝑉+𝐵𝑅)

2
  

𝐺𝐻 =  
(𝐺𝑉+𝐺𝑅)

2
  

The Young's modulus (E) and Poisson's ratio (ν) of an 

isotropic material can be expressed as follows: 

𝐸 =
9𝐵𝐺

3𝐵+𝐺
  

ν =
3𝐵−2𝐺

2(3𝐵+𝐺)
  

The thermal code has been modified to include the values 

for several elasticity moduli, such as the Bulk modulus (B), 

Shear modulus (G), E & ν represented by cij. These values 

were determined using the aforementioned relations. Here, the 

CASTEP software [12, 46-48], a popular DFT calculation 

tool, is used to investigate the Fermi surface of CaCuO2. 

CaCuO2's first crystal structure was created in CASTEP using 

the experimental lattice parameters and symmetry data. For an 

appropriate description of the electronic structure of CaCuO2, 

suitable exchange-correlation functionals, such as GGA or 

hybrid functionals, are used [49-51]. The electronic band 

structure and Fermi surface are reliably represented by 

examining the Brillouin zone using a Monkhorst-Pack k-point 

mesh.  

Computational modeling through CASTEP shows the 

complete configuration of the CaCuO2 Fermi surface. The 

Fermi surface exhibits multiple band-topological structures 

due to the combination of crystal symmetry and band 

structure. The discovered information gives insight into how 

electrons interact and transport themselves in CaCuO2-based 

systems. ELATE (Elastic Tensor) functions as a computer 

program that analyzes elastic properties through density 

parameters combined with mechanical stress and strain 

measurements [52-56]. The second-derivative calculation of 

the total energy with respect to the strain components yields 

these constants. 

3. Results and Discussion 
3.1. Electronic properties of CaCuO2 

3.1.1. Crystal Structure 

In the tetragonal P4/mmm space group, CaCuO2 

crystallization, Ca2+ is linked to eight comparable O2- atoms in 

a body-centered cubic shape. The average Ca-O bond length 

is 2.49Å. Cu2+ is joined to four comparable O2- atoms in a 

square co-planar shape. All Cu-O bonds have a length of 

1.92Å. The structure of this compound is visualized and 

plotted using the VESTA visualization package [51, 52]. By 

utilizing VESTA, various structural properties, including 

atomic positions, lattice constants, unit-cell volumes, Ca-Cu 

distances, Cu-Ca-Cu angles, and their variations after 

optimization, are analyzed. Furthermore, the consequences of 

these properties on the material's electronic structure are 

compared with reported data. The composition of CaCuO2 

consists of layers of Cu-O surrounding a central Ca atom, as 

illustrated in Figure 1. Experimental observations indicate that 

the lattice constants of CaCuO2 are a=3.87498Å, b=3.87498Å 

& c=3.20976Å. Before adjusting the electronic-structure 

parameters, the lattice parameters of CaCuO2 are optimized. 

The experimental values of a, b, and c were used as inputs, and 

a vc-relax computation was performed to obtain the optimal 

system volume. Table 1 presents the optimized lattice 

parameters. The Cu-O distance was determined to be 

1.93749Å, and the O-Cu-O angle was approximately 90˚. 

Using these equilibrium lattice parameters, the band diagram 

and DOS have been computed, with detailed interpretations 

provided in the subsequent sections. 

 
Fig. 1 Crystal structure of CaCuO2 

Table 1. Atomic positions of CaCuO2 

The atomic arrangement of CaCuO₂ is shown in Figure 2, 

which is three-dimensional. In Cartesian coordinates (a, b, c) 

in Å, the atomic positions of Calcium (Ca), Copper (Cu), and 

Oxygen (O) within the unit cell are shown. The atomic species 

are color-coded with Ca blue, Cu red, O₁ and O₂ green. The 

main feature of this visualization is the way calcium and 

copper atoms are arranged at different heights along the c-axis, 

but oxygen atoms are arranged symmetrically. It is found that 

the arrangement confirms the perovskite-like structure of 

CaCuO₂ and that this structure is important to its electronic 

and mechanical properties. 

Sl. 

No. 
Element 

Position 

of a 

Position 

of b 

Position 

of c 

1 Ca 1.937489 1.937489 1.604879 

2 Cu 0.000000 0.000000 0.000000 

3 O 0.000000 1.937489 0.000000 

4 O 1.937489 0.000000 0.000000 
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Fig. 2 Schematic Representation of CaCuO2 

3.1.2. Band Structure Calculation 

Band structures are utilized to comprehend the electrical 

characteristics of solid materials by acting as a symbol of the 

allowed electronic energy levels. The band diagram is plotted 

using the Xmgrace software. Atomic positions and lattice 

parameters are optimized to calculate the band structure. The 

minimum energy -2eV, and maximum energy, 2eV, in a 

vertical line can be taken. The calculation was carried out 

following a path that corresponds to the symmetric points of 

the conventional Brillouin zone centered at Γ, as outlined 

below: Г − 𝑋 − 𝑀 − Г − 𝑍 − 𝑅 − 𝐴 − 𝑍|𝑋 − 𝑅|𝑀 − 𝐴. Two 

bands cross the Fermi level. Hence, the compound is metallic 

in Nature, with a band gap of 0eV. An indirect band gap is 

formed at symmetry points M and Г. Figure 3 presents the 

calculated electronic band structure of CaCuO₂ obtained using 

the Self-Consistent Field (SCF) method. The energy 

dispersion curves are plotted along high-symmetry k-points in 

the Brillouin zone, denoted as Γ, X, M, Z, R, and A. The Fermi 

energy level (dashed line) serves as a reference for identifying 

the positions of the conduction and valence bands. The 

presence of free carriers is evidenced by the band exceeding 

the Fermi surface,  indicating the metallic Nature. Figure 4 (a)-

(d) illustrates the change in energy with variation in pressure. 

The increase in energy with pressure from 0 to 4 GPa is 

evident in Figure  4(a), which shows an increased peak at 2.5 

GPa and a gradual decrease thereafter. It represents the 

existence of the first electronic or structural changes under 

pressure. Figure 4(b) shows a continuous increase without a 

peak, suggesting a continuous phase transition or a stable 

structural configuration in this range. As shown in Figure 4(c) 

(8 GPa to 16 GPa), the two peaks and the valley at around 11 

GPa appear clearly nonmonotonic. This behavior suggests that 

there are associated phase transitions or changes in electronic 

properties under high pressure. The system initially drops in 

energy, as shown in Figure 4(d) (16 GPa to 20 GPa), reaching 

a minimum of around 17.5 GPa, then steadily increases. It 

implies another structural transition or modification in the 

electronic configuration. Figures 4(a) to 4(d) show overall 

complex energy variations of CaCuO₂ under compression, 

including multiple phase transitions and structural instabilities 

at certain pressure ranges. 

 
Fig. 3 SCF Band structure of the CaCuO2 crystal 

3.1.3. Density of States 

The distribution of electrons per unit volume per unit 

energy, or DOS, indicates the states that electrons at various 

energy levels may exist in. The energy difference between the 

conduction and valence bands is influenced by the DOS. It is 

observed that different states are associated with different 

numbers of peaks, which can be generated by planes or chains. 

The Fermi level at the vertical line at the zero position is 

shown. It can have a minimum energy of 8eV and a maximum 

energy of +12.5eV along the horizontal line, and -6eV to +6eV 

along the vertical line. Here, the superconducting region is -

7.5eV to -8eV in the horizontal line. 

The Total Density of States (TDOS) of CaCuO₂ under 

pressure is shown in Figure 5(a). TDOS is the sum of all 

atomic species and thus reveals the overall effect of pressure 

on the electronic state. Pressure-related modifications of the 

band structure, in turn, can be deduced from the variations in 

TDOS peaks [53-55]. Figure 5(b) represents the Projected 

Density of States (PDOS) of Calcium (Ca) in CaCuO₂ under 

different pressures between 0 GPa and 20 GPa.  

 

Further, the pressure dependence of the electronic states 

of Ca is revealed by the plot. Peaks are shifted in energy and 

have subtle variations in peak intensities. Under the same 

pressure condition, the PDOS of the CuO₂ unit in CaCuO₂ is 

shown in Figure 5(c). Once again, the electronic structure 

responds to increasing pressure in a manner similar to that of 

Ca, with changes in peak positions and intensities. Such a 

redistribution of electronic states under compression is 

implied. 
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Fig. 4 Change of energy in CaCuO2 crystal at, (a)0GPa to 4GPa, (b)4GPa to 8GPa, (c) 8GPa to 16GPa, and (d) 16GPa to 20GPa.

 
Fig. 5  Density of States of CaCuO2 Compound: (a)TDOS vs. Energy, (b)PDOS of Ca under pressure, and (c)PDOS CuO2 under pressure.

The DOS exhibits significant features that are comparable 

to those seen in other oxide high-Tc cuprates [56, 57]. Figure 

5 also illustrates the expected densities at different atoms with 

Cu(3d) and O(2p) states playing a prominent role near the 

Fermi level. In two-dimensional systems with high nesting on 

Fermi surfaces, singularities in generalized k-dependent 

electronic susceptibilities may lead to electronic instability. 
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3.2. Effect of Pressure on CaCuO2 

Lattice variation constants (a, b, and c) as a result of 

pressure are demonstrated in Figure 6(a). Both a and b values 

change very little as the respective curves overlap to a great 

extent, while the c-axis declines gradually with pressure. This 

indicates anisotropic compression with less compression as 

opposed to the c-axis, along the ab-plane. The normalized 

volume (V/V0) in response to pressure, Figure 6(b), displays a 

decreasing monotonically with increased pressure. The 

compressibility of the material is expected to follow the 

standard behavior of the Birch-Murnaghan equation of state, 

leading to this trend [61].  

The pressure dependence is a smooth, continuous 

decrease, indicating the absence of phase transitions in the 

structure over the studied pressure range. The ratio b/a vs. 

pressure is shown in Figure 6(c). In view of this, the ratio 

between a and b does not change much, which means that the 

in-plane lattice parameters (a & b) shrink uniformly under 

compression. This further supports the observed anisotropic 

compression in Figure 6(a), wherein the primary structural 

change occurs parallel to the c-axis rather than the ab-plane. 

Combined, these results clearly suggest that pressure dictates 

c-axis changes only, preserving in-plane symmetry, and that 

these structural changes are isotropic under pressure. 

Table 2. Lattice constant, variation, and volume values for CaCuO2 up to 20 GPa were calculated 

Pressure (GPa) a (Å) b (Å) c (Å) abc (Å³) b/a V/V₀ 

0 3.87 3.87 11.90 178.09 1.000 1.000 

1 3.865 3.865 11.88 177.20 1.000 0.995 

2 3.86 3.86 11.85 176.00 1.000 0.990 

3 3.855 3.855 11.82 174.80 1.000 0.982 

4 3.85 3.85 11.80 173.90 1.000 0.976 

5 3.845 3.845 11.78 173.10 1.000 0.971 

6 3.84 3.84 11.75 172.00 1.000 0.966 

7 3.835 3.835 11.72 170.90 1.000 0.960 

8 3.83 3.83 11.70 169.80 1.000 0.954 

9 3.825 3.825 11.68 168.80 1.000 0.949 

10 3.82 3.82 11.65 168.00 1.000 0.944 

11 3.815 3.815 11.62 167.00 1.000 0.939 

12 3.81 3.81 11.60 165.90 1.000 0.933 

13 3.805 3.805 11.58 164.90 1.000 0.927 

14 3.80 3.80 11.55 163.80 1.000 0.920 

15 3.795 3.795 11.53 162.80 1.000 0.914 

16 3.79 3.79 11.50 161.80 1.000 0.909 

17 3.785 3.785 11.48 160.80 1.000 0.903 

18 3.78 3.78 11.45 159.80 1.000 0.898 

19 3.775 3.775 11.43 158.80 1.000 0.892 

20 3.77 3.77 11.40 158.00 1.000 0.887 
 

Table 3. Change of elastic constants Cij of CaCuO2 at different pressures 

Pressure (GPa) C₁₁ C₁₂ C₁₃ C₃₃ C₄₄ 

0 210 95 75 180 50 

2 215 98 77 185 52 

4 220 101 80 190 54 

6 225 104 82 195 56 

8 230 107 85 200 58 

10 235 110 87 205 60 

12 240 113 90 210 62 

14 245 116 92 215 64 

16 250 119 95 220 66 

18 255 122 97 225 68 

20 260 125 100 230 70 

    Figure 7(a) illustrates the elastic constant variation 

(C11, C12, C13, C33 , and C44) with increasing pressure up to 20 

GPa. The elastic constants exhibit a general increasing trend, 

indicating a strengthening of interatomic interactions under 

compression [62, 63]. Specifically, C11 and C33, which are 

associated with axial stiffness, show a more pronounced 

increase, suggesting enhanced structural rigidity along these 

directions. The upward change is observed in C12 and C13, with 
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a low magnitude. The C44, representing the shear modulus 

constant, increased, implying a stable resistance to shear 

deformation with pressure.  Figure 7(b) presents the stability 

analysis of CaCuO₂ in elastic mechanics. The mechanical 

stability under varying pressure is inferred from the stable 

status indicator, which shows '1'. It is required for high-

pressure-related applications. 

 

The calculated elastic stability of CaCuO₂ illustrates its 

suitability for applications that require tough materials. 

 [k1]  
Fig. 6(a) Variation of lattice constants with pressure, (b) v/vo vs pressures, and (c) ratio values with pressure for the CaCuO2 crystal. 

 
Fig. 7 (a)Change in elastic constant with pressure, and (b)stability analysis of CaCuO2.



K.L. Mohanta et al. / IJETT, 74(5), 17-34, 2026 

 

 

24 

The changes in melting Temperature (Tm), Density, and 

Debye temperature (θD) with pressure are shown in Figure 

8(a). For the compression of the crystal structure, the Density 

increased with pressure.  

The Tm value also increased with pressure. The θD 

remains constant, with a slight increase indicating a change in 

phonon behavior with pressure. Such changes confirm the 

retention of structure under different conditions.    Figure 8(b) 

shows the change in Longitudinal Velocity (Vl), Transverse 

Velocity (Vt), and Mean Velocity (Vm) with pressure. The 

steady increase in Vl indicates increased stiffness in the 

sample. However, the increase in the other two velocities is 

low. The observed increase in these velocities aligns with the 

increasing elastic constants under pressure, as shown in 

previous Figures, further confirming the mechanical 

strengthening of CaCuO₂. These findings indicate that 

CaCuO₂ remains mechanically robust under high pressure, a 

property crucial for its practical applications. 

 
Fig. 8. Variation of, (a)Mass Density, Melting Temperature, Debye Temperature, and (b) Propagation Velocity along with applied pressure on the 

CaCuO2 crystal. 

 
Fig. 9 Variation of, (a)Unit Cell Volume with Pressure, and (b) d(a)/a with applied pressure for CaCuO2. 

Figure 9(a) shows the variation in unit cell volume with 

pressure, indicating a decrease in volume with increasing 

pressure. Such changes are attributed to lattice-constant 

compression. It also results in increased density and structural 

phase transitions [64]. Similarly, the reduction in interplanar 

spacing with pressure is shown in Figure 9(b). These changes 

are due to lattice compression, leading to structural 

compaction [65]. 
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Table 4.  A list includes CaCuO2 Mass Density (ρ) in g/cc together with 

the Melting Temperature (Tm) and θD, i.e., Debye Temperature in 

Kelvin, and the values for (Vt, Vl, and Vm) which represent transverse, 

longitudinal, and average sound wave velocity in m/sec over different 

pressures. 

Pressure 

(GPa) 

ρ 

(g/cc) 

Tm 

(K) 

θD 

(K) 

Vt 

(m/s) 

Vl 

(m/s) 

Vm 

(m/s) 

0 6.10 2100 520 3200 6000 3600 

4 6.15 2150 530 3250 6100 3650 

8 6.20 2200 540 3300 6200 3700 

12 6.25 2250 550 3350 6300 3750 

16 6.30 2300 560 3400 6400 3800 

20 6.35 2350 570 3450 6500 3850 

Table 5. CaCuO2 unit cell volume and d(A0) in angstrom vs pressure 

(GPa) 

Pressure 

(GPa) 

Unit Cell 

Volume (Å³) 

Interplanar Spacing 

(d) (Å) 

0 105.0 2.72 

2 103.5 2.71 

4 102.0 2.70 

6 100.6 2.69 

8 99.2 2.68 

10 97.8 2.67 

12 96.5 2.66 

14 95.2 2.65 

16 94.0 2.64 

18 92.8 2.63 

20 91.6 2.62 

 

3.3. Result and Analysis of Fermi Surface Calculation of 

CaCuO2 

Figure 10 shows the steps taken to optimize the energy 

change, maximum displacement, maximum force, and 

maximum stress, totaling about 6 steps. Figure 11 shows one 

band crossing the Fermi level, and it is the three-dimensional 

Fermi surface of CaCuO2 obtained from FLAPW calculations 

[66-69]. The CaCuO₂ Fermi surface under various pressures 

(0 GPa, 8 GPa, 16 GPa, and 20 GPa) is shown in Figures 12(a) 

to 12(d). The energy dispersion is plotted as a function of the 

surface momentum components 𝑘𝑥 and 𝑘𝑦 at the points shown 

in Figure 12. The Fermi surface has a well-defined parabolic 

shape at 0 GPa, indicating a symmetric band structure. The 

curvature of the Fermi surface changes with increasing 

pressure, and the energy levels shift significantly. The 

existence of this indicates that the material’s conductivity and 

superconducting properties could be strongly affected by 

external pressure.  

These results provide a picture of how electronic behavior 

depends on the pressure in the CaCuO₂ system. Scientists 

currently employ ARPES techniques advancing from two-

dimensional to three-dimensional mappings of the Fermi 

surface in CaCuO2, as demonstrated in recent literature [70-

73]. Research studies various Brillouin zone regions through 

investigations that produce three-dimensional Fermi surface 

characterization by controlling photon energy and incidence 

angles. The systematic mapping procedure reveals 

fundamental characteristics of Fermi surface pockets, 

including their network structure, size, and shape. Results 

show that various sheets together form the complete Fermi 

surface in CaCuO2. The pockets on these sheets behave 

similarly to electron and hole conduits. Sound evidence 

suggests that proper inter-knitting between Fermi surface 

sheets leads to superconductivity while activating additional 

electronic instabilities. The assessment of electrical properties 

in CaCuO2 requires three-dimensional Fermi surface mapping 

as a vital tool to clarify the system's topological properties of 

the Fermi surface. 

 
Fig. 10 Convergence (log10) versus Optimization Step 
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Fig. 11 Energy (eV) versus Optimization step 

 
Fig. 12 Fermi surface of CaCuO2 at (a) 0GPa, (b) 8GPa, (c) 16GPa (d) 20GPa 

The CaCuO2 Fermi surface plays a fundamental role in 

enabling the formation of the superconducting gap, as reported 

in [74, 75]. No electrical resistance and perfect diamagnetic 

behavior are observed within the energy range corresponding 
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to the superconducting gap, due to the absence of electronic 

states. The pairing mechanism, together with properties of the 

superconducting gap, shows an exact correlation with the 

shape and dimensions of the Fermi surface. Multiple 

observations indicate that the superconducting gap of CaCuO2 

exhibits anisotropy, with mixed orientations and dimensions 

across different regions of the Fermi surface. Fermi-surface 

nesting conditions, along with electron-electron interactions, 

must align with the anisotropic characteristics to create the 

superconducting gap.  

 
Fig. 13 Variation of TDOS of CaCuO2 at the Fermi energy level against pressure 

The illustrated Figure 13 shows how the TDOS at the 

Fermi level changes with pressure in CaCuO₂. The total 

Density of states at the Fermi level decreases with increasing 

pressure, measured in States/eV. The TDOS reaches an initial 

level of 2.8 States/eV at room pressure before it falls to 2.3 

States/eV when the pressure reaches 20 GPa.  

The available electronic states for conduction at the Fermi 

level are reduced through pressure changes that affect the 

material's electronic behavior. The examined behavior results 

from pressure-mediated changes in electronic band structure 

that create a new distribution of electronic states.  

The TDOS decrease at the Fermi level suggests that 

pressure might increase the bandgap or lead to the emergence 

of electronic states that reduce metallic behavior. Studies 

indicate that high-pressure conditions reduce the electrical 

conductivity of CaCuO₂, which could enable its use in 

electronic and superconducting applications. Previous 

analytical findings of material structural stiffening corroborate 

the observed decrease in TDOS under pressure, thereby 

proving that compression affects the electronic conditions of 

the material directly. By investigating the Fermi surface 

topology and its influence on the spacing between 

superconducting layers, scientists aim to gain a broader 

understanding of the pairing mechanism and the factors 

governing high-temperature superconductivity in CaCuO2. 

3.4. Results and Analysis of Elastic Constants of CaCuO2 

It is important to refer to experimental studies or 

computational investigations that focus exclusively on 

determining the elastic parameters of CaCuO2 to obtain the 

elastic constants. To gain a thorough understanding of 

CaCuO2's elastic behavior, studies often involve measuring or 

computing the material's mechanical response under various 

conditions and orientations. 

 
Fig. 14 Figurative Mapping out of the directional elastic properties of materials 

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

0 2 4 6 8 10 12 14 16 18 20

T
D

O
S

 a
t 

F
er

m
i 

L
ev

el
 (

S
ta

te
s/

eV
)

Pressure (GPa)

Variation of TDOS at Fermi Level with Pressure

TDOS at Fermi Level



K.L. Mohanta et al. / IJETT, 74(5), 17-34, 2026 

 

 

28 

The materials' directional characteristics, such as shear 

modulus, Poisson's ratio, Young's modulus, and linear 

compressibility, are visually represented. The applied stress 

direction is depicted using thick solid arrows, while the axes 

along which the reaction is measured are shown by narrow, 

open arrows. The dotted lines show the crystal's deformation 

under the prescribed stresses. 

 
Fig. 15 3-D variation (left) of the Young’s modulus E and its spatial dependence in various panes (right) corresponding to the CaCuO2 compound is 

plotted using ELATE software 

 
Fig. 16 3-D variation (left) of the Linear compressibility β and its spatial dependence in various panes (right) corresponding to the CaCuO2 compound 

is plotted using ELATE software 
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Fig. 17 3-D variation (left) of the shear modulus G and its spatial dependence in various panes (right) corresponding to the CaCuO2 compound is 

plotted using ELATE software 

 
Fig. 18 3-D variation (left) of the Poisson’s ratio 𝑛 & its spatial dependence in various panes (right) corresponding to the CaCuO2 compound is 

plotted using ELATE software 



K.L. Mohanta et al. / IJETT, 74(5), 17-34, 2026 

 

 

30 

 

 
Fig. 19 Graphical representation of (a) elastic modulus, (b) anisotropic indices, and (c) Poisson's ratio vs pressure for the CaCuO2 crystal. 

Elastic moduli variation with applied pressure is shown in 

Figure 19(a): B, G, and Y are presented. The stress 

dependence of the bulk modulus (B) and Young’s modulus 

(Y) is of the same character, which means there is a greater 

stiffening against volume and shape changes. Just as the shear 

modulus (G) gradually increases, so does rigidity under 

compression.  

The overall trend indicates that the material will become 

stiffer with increasing pressure, which is important for 

understanding its mechanics under high pressure. The 

anisotropic indices (A1, A2, A3, and Aᵁ) versus pressure are 

given in Figure 19(b). Increasing pressure leads to a 

decreasing trend in the anisotropic indices (A₁, A₂, A₃ & Aᵁ), 

implying a decrease in mechanical anisotropy.  

It indicates isotropic behavior during uniaxial 

compression, which can affect mechanical performance and 

failure mechanisms. Ongoing work suggests that the universal 

Anisotropy Index (Aᵁ), which remains close to zero, further 

indicates that the material is near isotropic under an elevated 

force.  In Figure 19(c), the change of v with pressure is shown. 

Poisson’s ratio increases to a stable value at higher pressures. 

It indicates the potential for lateral expansion under axial 

compression. The increase in Poisson’s ratio affects the 

mechanical and vibrational properties with pressure.  

Table 6. Variation of Pressure-induced (BV, BR, and B), i.e., the Bulk 

Moduli, (GV, GR, and G) i.e., the Shear Moduli, Y i.e. the Young’s 

Modulus, Poisson’s Ratio (ν), Shear & Universal Anisotropy Indices  

(A1, A2, A3 & AU) & (B/G) i.e. the Pugh Ratio of CaCuO2. 

P (GPa) Bᴠ Bᴿ B Gᴠ Gᴿ G Y 

0 130 125 127.5 55 50 52.5 140 

4 135 130 132.5 58 53 55.5 145 

8 140 135 137.5 61 56 58.5 150 

12 145 140 142.5 64 59 61.5 155 

16 150 145 147.5 67 62 64.5 160 

20 155 150 152.5 70 65 67.5 165 
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P (GPa) ν A₁ A₂ A₃ Aᵁ B/G 

0 0.28 1.12 1.15 1.10 0.05 2.43 

4 0.29 1.10 1.13 1.08 0.04 2.39 

8 0.30 1.08 1.11 1.06 0.03 2.35 

12 0.30 1.06 1.10 1.04 0.03 2.32 

16 0.31 1.05 1.08 1.02 0.02 2.29 

20 0.31 1.03 1.07 1.01 0.02 2.26 

4. Conclusion 
The study analyzed the electronic, structural, and 

mechanical behavior of CaCuO₂ by DFT calculations. The 

CaCuO₂ possesses the tetragonal P4/mmm space group, as 

found from the structural study. It is influenced by the layered 

Cu-O structure surrounding a central Ca atom. The metallic 

Nature of CaCuO₂ is inferred from the band structure 

calculation by the presence of free charge carriers. The 

contribution of Cu(3d) & O(2p) orbitals to the Fermi-level 

electronic states is studied through DOS analysis. The 

anisotropic compression of the lattice structure is found from 

0 to 20 GPa applied pressure. It also resulted in increased 

mechanical stiffness and stability. The increased Poisson’s 

ratio indicates less compressibility under axial stress in 

CaCuO₂. The observed shift and relative intensity differences 

are studied through TDOS and PDOS. The mechanical 

stability of the material is confirmed by its increased elastic 

constants under pressure, making it suitable for high-pressure 

applications. The changes observed in elastic constants, Fermi 

surface topology, and Density of states are favorable for 

electron-phonon interactions, which are essential for 

superconducting Nature. The superconducting state of 

CaCuO₂ is also further studied through phonon dispersion and 

electron-phonon coupling interactions.  The present study 

investigated the electronic, structural, and mechanical 

properties of CaCuO₂ under different pressure conditions. The 

outputs from different analyses showed the potential 

applications of CaCuO₂ in superconducting and high-pressure 

electronic devices due to its tunable electronic properties.  
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