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Abstract. In present study, structural, electronic, and optical absorption properties of two 
dimensional (2D) monolayer and bilayer CoO2 have been calculated by using the density 
functional theory. From the electronic band-structures of monolayer CoO2 and bilayer CoO2, these 
materials show metallic (conducting) behavior. The Optical absorption of monolayer and bilayer 
CoO2 begins from the infrared region to visible region and maximum absorption in ultraviolet 
region of the electromagnetic spectrum. Results suggest that the monolayer and bilayer CoO2 may 
be utilized for the optoelectronic applications and nano electronics.  
Introduction 
The discovery of graphene, gives completely new era of two dimensional materials[1]. Since the 
invention of the exotic properties of graphene, the two-dimensional layer materials like transition 
metal oxides (TMO), transition metal-dichalcogenides (TMDs), and other 2D materials have 
gained enormous research interest [2]. Cobalt oxide (CoO2) is an end member of AxCoO2 (A = Li, 
Na), which is the auspicious material as cathode for fabrication of lithium ion batteries that was 
studied in previous investigation [3–9]. CoO2 is an adaptable metal oxide material  having many 
applications in various fields such as catalyst, electrochemical biosensor, photocatalyst and other 
applications [10]. First principles computations are used to study structural, electrical, and optical 
absorption properties of two-dimensional (2D) monolayer and bilayer CoO2. 
Computational Details 
In the present work, all the calculations have been performed by the density functional theory 
(DFT). We have been used the generalized gradient approximation (GGA) as employed in 
QUANTUM ESPRESSO (QE) package with Perdew, Burke and Ernzerhof (PBE) pseudopotential 
[11,12]. For both the energy cut-off and the k-points, we have followed the convergence criteria. 
The structure was relaxed toward its equilibrium position, with the force on each atom being less 
than 10-5 Ry/Bohr. The energy cutoff for the wave functions was chosen as 80 Ry. The self-
consistent calculations are performed with a Monkhorst-Pack of 15x15x1 k-mesh is used [13].To 
avoid physical interaction between the periodic layers, a vacuum of order 18 Å in z-direction was 
utilized. VESTA software was utilized for the visualization of the optimized structure [14]. 
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Results and Discussion  
Structural Properties 
The optimized structures of monolayers and bilayer of CoO2 are shown in Fig. 1. The two-
dimensional hexagonal lattice, monolayer CoO2 with the lattice parameters of  a = 2.870 Å and, b 
= 2.870 Å and the bond-length for the bonds Co-O is 1.91 Å, which is consistent with previous 
reported work [4]. In bilayer CoO2 with lattice parameters of a = 2.874 Å, and b = 2.874 Å  (see 
Table 1) and, the bond-length for the bonds Co-O is 1.91 Å. The monolayer and bilayer CoO2 have 
positive phonon frequencies which indicates that both are dynamically stable [15]. 

 

 
 
Fig. 1. The optimized structure of (a) Side view of monolayer CoO2 (b) Side view of bilayer 

CoO2. 
Table 1. Calculated the lattice-parameters and bond-length of the monolayer and bilayer CoO2 

 

Structure Lattice Constants Bond length 
(Å) a (Å) b (Å) 

Monolayer CoO2 2.870 2.870 Co-O    1.91 
Bilayer CoO2 2.874 2.874 Co-O    1.91 

 
Electronic properties  
Fig. 2a and Fig. 2b shows the electronic band structures of the monolayer and bilayer CoO2 along 
the k-path Γ– M – K – Γ. In monolayer and bilayer CoO2 both exhibits metallic characteristics 
when both the bands cross the Fermi-level. In monolayer CoO2 the position of the valance-band 
maximum, and the conduction-band minimum are found at Γ point. Projected density of states 
(PDOS) for monolayer, and bilayer CoO2 are illustrated in Fig. 2c and Fig. 2d. The Co(d) orbital 
and O(p) orbital shows more contributions and less contributions of the O(d) orbital for the creation 
of the valance-band (VB)  and the O(d) orbital gives less contributions for the creation of the 
conduction-band (CB) in monolayer CoO2. The Co(d) orbital and the O(p) orbital shows more 
contributions and the O(d) orbital shows less contributions for the creation of the valance-band 
(VB) and the Co(d) orbital and the O(p) shows more contributions and the O(d) orbital shows less 
contributions for the creation of the conduction-band (CB) in bilayer CoO2.The metallic behaviour 
of monolayer and bilayer CoO2 is because of hybridization of the Co(d) orbital, and the O(p) 
orbital. 
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Fig. 2.(a) Band-structure of monolayer CoO2 (b) Band-structure of bilayer CoO2  (c) PDOS of 
monolayer CoO2 (d) PDOS of bilayer CoO2 

Optical Properties 
For study the optical properties of monolayer and bilayer CoO2 we have calculated the absorption 
coefficients. Fig. 3 illustrates the optical absorption spectra of monolayer and bilayer CoO2. The 
first absorptions peaks are observed in visible region for monolayer and bilayer CoO2. 
Furthermore, the photon energies that correspond to the first absorption peaks located at 1.98 eV, 
and 1.92 eV for monolayer CoO2, and bilayer CoO2. The maximum absorption peak values are 
observed at 7.59 eV and, 7.53 eV, respectively, as shown in Fig. 3, which both are lies in the 
ultraviolet (UV) region for monolayer and bilayer CoO2, respectively. The optical absorption of 
monolayer CoO2 is slightly less than that of bilayer CoO2.  It is observed that optical absorption 
of monolayer and bilayer CoO2 begins from the infrared (IR) region to visible region and shows 
maximum absorption in the ultraviolet regions of the electromagnetic spectrum. The results 
indicate that, optical absorption in visible region to ultraviolet region in monolayer CoO2 and 
bilayer CoO2 so that it can be used for optoelectronic applications. 
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Fig. 3. Optical absorption spectra of monolayer and bilayer CoO2 

Conclusions 
We have investigated structural, electronic, and optical absorption properties of two dimensional 
monolayer and bilayer CoO2 in the present study. From the calculation of the electronic-band 
structures of monolayer, and bilayer CoO2, these materials show metallic (conducting) behavior. 
The optical absorption spectra of the monolayer and bilayer CoO2 have large absorption in visible 
region to ultraviolet region of electromagnetic spectrum. Results suggest that the monolayer and 
bilayer CoO2 may be useful in the optoelectronic applications and nano electronics. 
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