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Abstract 

In this study band structure and density of states studies were carried out 

on LiCoO2 and Cu doped LiCoO2 using the first-principles pseudopotential 

method based on the density functional theory (DFT) and the plane-wave 

method as implemented in the Quantum Espresso (an opEn-Source 

Package for Research in Electronic Structure, Simulation, and  

Optimization) package.  The value of the band gap found is 2.2eV for 

pristine LiCoO2  and 1.6 eV for Cu doped LiCoO2.  From the DOS graph 

we can observe the peaks from -7 to -2 eV, -2 to 0.5 eV and 0.5 to 5 eV for 

pristine LiCoO2  and -22.5 to -20.0 eV, -20.0 to -12.5 eV, -12.5 to 2.5eV for 

Cu doped LiCoO2.    
 

FIG. 1A: CRYSTAL STRUCTURE OF LiCoO2              FIG. 1B: CRYSTAL STRUCTURE OF  

Cu DOPED LiCoO2 
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Introduction 

LiCoO2 has been the most widely 

studied and employed cathode 

material in commercial Li-ion 

batteries. This material can be 

prepared by several routes, and its 

electrochemical performance has 

satisfied the needs of today’s high-

performance portable electronic 

devices fairly well. (1) 

Among the efforts to improve the 

electrochemical performance of 

LiCoO2 at high voltage, one is to 

modify the cathode surface by coating 

LiCoO2 with various metal oxides. (2) 

Doping is an another alternative 

approach to raise the practical 

capacity attained by LiCoO2 cathodes. 

(3) 

The structure of LiCoO2 has been 

studied with numerous techniques 

including x-ray diffraction, electron 

microscopy, neutron powder 

diffraction, and EXAFS.  

The solid consists of layers of 

monovalent lithium cations (Li+) that 

lie between extended anionic sheets of 

cobalt and oxygen atoms, arranged as 

edge-sharing octahedra, with two 

faces parallel to the sheet plane. The 

cobalt atoms are formally in the 

trivalent oxidation state (Co3+) and 

are sandwiched between two layers of 

oxygen atoms (O2−) (see fig. 1a). 

Theoretical studies indicate that 

transition metal doping of LiCoO2 

will result in increased capacity, 

whereas non-transition metal doping 

can increase voltage at the expense of 

capacity. (4) 

In addition to this the electrochemical 

properties of the electrode materials 

are strongly depend on the physical 

and chemical properties (like 

crystalline size, stoichiometry, 

homogeneity, etc) and preparation 

method etc. (4) 

The band structure is a good way to 

visualise the wavevector-dependence 

of the energy states, the band-gap, and 

the possible electronic transitions. 

The Density of states shows us how 

many states are available in both the 

initial and final energies. 

 

COMPUTATIONAL METHODS 

In this study, we consider a primitive 

LiCoO2 cell (8 Li atoms, 1 Co atom 

and 2 O atoms). All calculations were 

carried out by using the first-

principles pseudopotential method 

based on the density functional theory 

(DFT) and the plane-wave method as 

implemented in the Quantum 

Espresso (an opEn-Source Package 

for Research in Electronic Structure, 

Simulation, and  Optimization) 

package. Exchange and correlation 
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effects are treated under the generalized-gradient-approximation with Perdew-

Burke-Ehrenkof (PBE) functional. The ultrasoft pseudopotential (USP) method 

was used to treat valence electron configuration. The cutoff of W.F. was set  

25.000Ry and the Cutoff of Charge at 225.000Ry.  

For the Band structure calculation, current dimensions of program PWSCF are: 

Max number of different atomic species (ntypx) = 10, Max number of k-points 

(npk) = 4000, Max angular momentum in pseudopotentials (lmaxx) = 3. 

For the Density of States calculation, XC funtional enforced from input 

program file, exchange-corellation = SLA PW PBE PBE ( 1 4 3 4 0 0 ), any 

further DFT  definition will be discarded. 

 

RESULTS AND DISCUSSIONS 

 
FIG. 2A : BAND STUCTURE OF LiCoO2 
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FIG. 2B : BAND STRUCTURE OF Cu DOPED LiCoO2 

 

The band Structure 

As shown in Fig. 2a, we can see clearly from the band structure that the 

difference between the valence band and the conduction band levels is very 

small (in terms of energy difference i.e. there are few eV band gaps), this is an 

indication that LiCoO2  possesses conductor properties. The value of the band 

gap found is 2.2eV which is close to the experimental values (2.1-2.7) found by 

J van Elp  et al. (5) 

As shown in Fig. 2b, we can see clearly from the band structure that the 

difference between the valence band and the conduction band levels is much 

less than pristine LiCoO2 (in terms of energy difference i.e. there are fewer eV 

band gaps compared to pristine LiCoO2), this is an indication that copper doped 

LiCoO2  possesses an improved conductor properties.  The value of the band 

gap found is 1.6eV  which is still close to the experimental values (2.1-2.7) 

found by J van Elp  et al. (5) 

 



169  africascholarpublications@gmail.com                                                                               

 2019 
 

FIG. 3A: DOS OF LiCoO2 

 
 

FIG. 3B: DOS OF Cu DOPED LiCoO2 

 
 

Density of states 

As shown in Fig. 3a  From the DOS graph we can observe the peaks from -7 to 

-2 eV corresponds to the occupied valence bands eg
b ,which is similar to that in 

pristine LiCoO2 , the group from -2 to 0.5 eV to the partially occupied valance 
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band t2g and the peaks from 0.5 to 5 eV to the unoccupied conduction band e g 

∗, is rather similar to pristine LiCoO2. 

As shown in Fig. 3b From the DOS graph we can observe the peaks from -22.5 

to -20.0 eV which corresponds to the occupied valence bands eg
b , this shift 

arises from the Cu doping, the group from -20.0 to -12.5 eV to the partially 

occupied valence band t2g and the peaks from -12.5 to 2.5 eV to the unoccupied 

conduction band e g 
∗, These changes in the electron distribution upon doping 

with Cu indicate that d -electrons move from nonbonding bands to bonding 

bands. 

 

CONCLUSIONS 

In the present work, we have studied the effects of doping of LiCoO2 with Cu 

on the band structure and the density of states, employing the first-principles 

pseudopotential method based on the density functional theory (DFT) and the 

plane-wave method as implemented in the Quantum Espresso. Our results show 

that these properties; band structure and density of states of LiCoO2 were 

immensly affected by the doping with copper. The doping of LiCoO2  with Cu 

shows a decrease in the band gap showing and increase in conductivity and 

changes in electronic distribution show an increase in discharge capacity of the 

material. 
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