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Using first principles density functional theory (DFT), the electronic and magnetic properties as well as 5 

the Li-ion migration in LiCoO2 have been studied with a gradient corrected functional. The magnetic 

properties were in addition also investigated with a gradient corrected functional in combination with an 

on-site repulsion U, and a hybrid functional. We find LiCoO2 to be non-magnetic at ambient conditions. 

A magnetic ground state can be obtained by a volume expansion corresponding to a negative pressure of 

−8 GPa due to a competition of Hund's rules favoring magnetism on the Co3+ ions and the crystal field 10 

splitting, which suppresses magnetism at zero pressure. The barrier for lithium transport is determined to 

be 0.44 eV from nudged elastic band (NEB) calculations on the system Li0.917CoO2. 
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Introduction 

Lithium cobalt oxide LiCoO2 is used in rechargeable lithium ion 
batteries. Presently, lithium ion batteries are mainly based on 
LiCoO2 as cathode, a lithium ion conducting organic polymer as 25 

the electrolyte, and graphite as the anode [1, 2]. Due to the 
layered crystal structure of LiCoO2, which has rhombohedral 
symmetry and belongs to the space group 

_

3R m , this material is 
ideally suited to accommodate lithium in concentrations, which 
may change over a relatively large range [3]. This has led to wide 30 

applications of LiCoO2 with deintercalated lithium LixCoO2 
(x < 1) as cathode material in solid-state batteries. 
 Numerous phenomena should be taken into account to obtain 
mathematical models for a solid-state battery [4, 5]. One of the 
crucial points of these models is the low activation energy for 35 

electric transport of solid electrodes and electrolytes. This 
activation energy is generally dependent on the electronic 
structure of the material, which can be changed by modifying the 
chemical elements contained, and external influences. It was 
shown experimentally [6] that the grain interior is decisive for ion 40 

conduction properties such as barriers, and not the grain 
boundary. The electronic band structure of LiCoO2 has been 
previously studied using first principles methods [7 - 16]. The top 
valence and bottom conduction bands are formed mainly by the 
hybridized d-states of cobalt and p-states of oxygen. Band 45 

structure and total energy calculations were also performed on 
layered LiCoO2 (rhombohedral, space group

_

3R m ) and Li0.5CoO2 
(monoclinic, space group P2/m) by the periodic Hartree−Fock 

method, which overestimates the band gap compared to DFT-
based calculations [7, 14, 16] . The experimental band gap Eg is 50 

about 1.7 – 2.7 eV [16 - 21]. 
 Due to the presence of cobalt atoms, magnetic properties are 
also an interesting target to be studied. Magnetic susceptibility 
measurements [21, 22], X-ray photoelectron spectroscopic 
analysis [23] and band structure calculations [7] confirmed that 55 

the Co3+ ions are in a low-spin state (t2g
6) with S = 0 at ambient 

temperature. Nevertheless, the µ+-SR experiments on LiCoO2 
[24 – 26] have indicated the possible formation of static 
antiferromagnetic (AF) order below 30 K (=TN), although the 
volume fraction of the AF ordered phase is estimated as only 60 

~10%. It was suggested that the observed magnetism is not 
induced by impurities but is an intrinsic behavior. It is thought 
that a cobalt charge fluctuation 2Co3+ → Co2+ + Co4+ occurs at 
low temperature, corresponding to the electron configurations 
2t2g

6 → t2g
6 eg

1 +  t2g
5 [27]. 65 

 In the present study we have calculated the electronic band 
structure and related properties of LiCoO2 for the relaxed crystal 
structure and for the compressed and expanded crystal unit cells. 
In the course of these calculations, one of the aims was to study 
the magnetic ordering in LiCoO2 caused by the changes of the 70 

unit cell volume and Hubbard U-parameter [28, 29] of the cobalt 
atom. Concerning possible magnetic solutions, we focused on the 
ferromagnetic case where all cobalt spins are aligned parallel. 
Another point of the investigation was the activation energy for 
Li-ion migration in LiCoO2, which was studied using the NEB 75 

method. The dielectric permittivity ε∞ (electronic polarizability) 
was also investigated. These results can be used to study the 
correlation between the properties of Li-ion diffusion in a host 
crystalline matrix and the corresponding change of the electronic 
polarizability. Such a correlation may take place due to the local 80 

polarization of the host crystalline matrix caused by Li-ions 
moving in the diffusion process. The importance of the electronic 
polarizability for the analysis of structural features of Li-
containing garnets is discussed in Ref. [30]. 
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Computational details 

Electronic structure calculations were mainly performed using the 
CASTEP code (CAmbridge Serial Total Energy Package) [31] 
based on density functional theory (DFT) and a plane-wave basis 
set. The generalized gradient approximation with the 5 

Perdew−Burke−Ernzerhof functional (GGA-PBE) for the 
exchange and correlation effects [32] together with ultrasoft 
pseudopotentials [33] was used for the calculations. In addition, 
the influence of a Hubbard parameter U on the Co site was 
explored. A cutoff energy of 340 eV was assumed in the plane-10 

wave basis set. During the self-consistent electronic 
minimization, the eigen-energy convergence tolerance was 
chosen to be 2.4⋅10−7 eV and the tolerance for the electronic total 
energy convergence during optimization was 1.0⋅10−5 eV. The 
corresponding maximum ionic force tolerance was 3·10−2 eV/Å 15 

and the maximum stress component tolerance was 5·10−2 GPa. 
The optimization (relaxation) of the atomic positions and crystal 
unit cell parameters was performed at various values of the 
external hydrostatic pressure. Subsequently, the electronic 
properties, such as the total energy E, band dispersion E(k), 20 

density of states (DOS), and dielectric permittivity ε∞ were 
computed at the respective optimized geometry. 110 k-points in 
the irreducible Brillouin zone were used, as well as a smearing of 
0.1 eV. 
 In the present investigation, the first-principles code 25 

CRYSTAL [34] was also used, which employs a local basis set. 
A full geometry optimization [35] was performed and the E(V) 
curves were computed for various configurations. The 
calculations were done within the framework of the hybrid 
functional B3LYP for the exchange and correlation part of the 30 

Hamiltonian. The following basis sets for the constituent atoms of 
LiCoO2 were used: [2s1p] for Li (1s as in [36], and one sp shell 
with exponent 0.514), [5s4p2d] for Co (as in [37] but with 
outermost sp exponents 1.4946, 0.5985 and d 0.2824 instead of 
1.4914, 0.6031 and 0.3011) and [4s3p] for O (as in [38], 35 

outermost sp exponents 0.4764 and 0.1802). A k-point sampling 
net of the size 8×8×8 was used. No smearing was applied. 
 VASP (Vienna ab-initio Simulation Package) [39] was used to 
calculate the activation energies Ea for Li-ion migration in 
LiCoO2 (using NEB) as well as the electronic dielectric 40 

permittivity ε∞. Here the projector-augmented wave method with 
the GGA-PBE exchange and correlation functionals were used. A 
cutoff energy Ecutoff of 520 eV for the plane waves, 10 irreducible 
k-points and a smearing of 0.2 eV were used for the calculations 
on the crystal supercell of the size 2×2×1 (the volume of the 45 

supercell corresponds to Vsc = 394.4 Å3). 
 With this choice of codes, the following properties were 
computed: the band structure, in order to compare with the 
experiment, e.g. the value of the gap. Also, the influence of 
hybrid functional and an additional on-site repulsion U can be 50 

seen in the band structure. Technically, it is interesting to 
compare two codes with different approaches (plane-wave 
pseudopotential versus localized Gaussian basis set), in order to 
assure the correctness of both approaches. This is done for the 
band structure, when the same functional is used with both codes. 55 

The magnetic ground state of the present system is not 
immediately obvious. A method for studying this more detailed is 
to employ a hybrid functional which favors magnetic solutions 

more than a standard functional. This can be efficiently done with 
the CRYSTAL code. On the other hand, it is also possible to 60 

study the switch to magnetic solutions as a function of U. This 
allows to estimate the order of magnitude when magnetic 
solutions can be expected. This is implemented in CASTEP and 
was performed with this code. Finally, the nudged elastic band 
method is efficiently implemented in VASP, and thus can be used 65 

to study lithium ion transport. As a side issue, the optical 
properties such as the dielectric permittivity were studied. As a 
whole, ground state properties and transport properties are 
computed. 

Results and discussion 70 

The features of the non-spin-polarized band structures (Fig. 1) are 
in good agreement with the literature [8, 13, 16]. The band gap Eg 
at the GGA-PBE level is 1.02 eV (see Fig. 1a), and at the  
B3LYP level 4.13 eV (Fig. 1b). This is similar to transition metal 
oxides such as NiO or CoO, where the gap is below 1 eV with 75 

PBE, but around 4 eV with B3LYP [40]. The underestimation of 
the band gap with standard functionals such as PBE can be 
explained due to the artificial self-interaction, which is not 
accounted for. The B3LYP result still shows some deviation from 
the experimental band gap Eg of LiCoO2, where the literature 80 

values are in the range of Eg = 1.7−2.7 eV [16 - 21]. Further 
improvements might be possible with many body techniques such 
as Hedin's GW approach or the Bethe-Salpeter equation [41, 42]. 
The present results are in good agreement with the previous 
studies based on the same functionals [16]. At the relaxed crystal 85 

structure of LiCoO2, the optical band gap Eg is found to be 
indirect along the LZ-direction in the Brillouin zone (Fig. 1). The 
band structures obtained with two different program codes 
(CRYSTAL09 and CASTEP) using the same xc-functional (here 
PBE) are very similar. This is a confirmation that the results from 90 

two different approaches (plane-wave pseudopotential versus 
localized Gaussian basis set) compare well. The three top valence 
bands and the two bottom conduction bands of LiCoO2, being 
mainly of d-character, are characterized by a relatively small 
dispersion E(k), whereas the six deeper valence bands, being 95 

mainly of oxygen p-character, show a larger dispersion. 
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b) 

 
c) 

Figure 1. Band structures of LiCoO2 in the primitive unit cell 5 

containing four atoms, at the level of PBE (a) and B3LYP (b) 
with CRYSTAL09 (a and b) and with PBE and the CASTEP (c) 
code. The calculations are non-spin-polarized. Figs. 1a and b 
correspond to the relaxed structure at 0 GPa and Fig. 1c to the 
compressed structure at 100 GPa. 10 

 
 The electronic structure and related properties were also 
studied as a function of the unit cell compression (expansion) 
caused by hydrostatic pressure. The band gap Eg changes from an 
indirect to a direct gap under pressure (Fig. 1c). The valence band 15 

width increases, and the total width of the top nine valence bands 
increases from 7 to 9 eV when going from 0 to 100 GPa (Fig. 1a, 
1c). The optical band gap is between the occupied and empty Co 
d-states and is an increasing nonlinear function of the pressure P 
below 100 GPa (Fig. 2a). Applying an external pressure reduces 20 

the Co−O distances and increases the crystal field splitting that 
leads to an increasing gap. The band gap Eg was fitted as a 
function of an inverse average unit cell dimension 

d−1 = V−1/3,                                          (1) 
where V is the unit cell volume of the primitive cell. Eg can be 25 

remarkably well fitted with a linear dependency Eg =a + bd−1 
with the coefficients a = −3.86 eV and b = 17.64 eV⋅Å (Fig. 2b). 
 The electronic density of states is displayed in Fig. 3a. The top 
valence bands in the range from −1.5 to 0 eV are mainly formed 
by cobalt d-states, whereas the hybridization of oxygen p- and 30 

cobalt d-states is larger in the range up to 2.5 eV of the 
conduction bands (Fig. 3a). The partial density of states shows 
that the p-bands are shifted to lower energies with respect to the 
top of the valence bands, when pressure is applied. On the other 
hand, due to the reduced distances and thus larger crystal field 35 

splitting, the unoccupied d-bands are shifted upwards with 
respect to the top of the valence bands, and thus the band gap 
increases (Fig. 3a). 
 

 40 

a) 

 
b) 

Figure 2. Dependencies of the optical band gap Eg upon the 
external pressure P and upon the inverse average unit cell 45 

dimension d−1 (b) of LiCoO2 with the PBE-GGA exchange and 
correlation functional (non spin polarized). 
 
 To study magnetic properties, the electronic structure of 
LiCoO2 was calculated spin polarized and in the framework of 50 

the DFT+U approach. Here, the on-site repulsion on the Co atom 
is varied by applying a Hubbard U. Large U values lead to 
magnetic solutions as this favors single-occupancy of the d-
orbitals. For a value of UCo = 2.5 eV, the solution remains non-
magnetic (Fig. 3b). For U around 5 eV, however, the 55 

characteristic asymmetry of DOS indicates the non-zero total spin 
(Fig. 3c). Here the occupied Co d-states are pushed below the O 
p-states, which indicates that such a U value is rather large. 
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b) UCo = 2.5 eV 

 
c) UCo = 5.0 eV 

Figure 3. (a) Partial density of states of LiCoO2 at external 5 

pressures -15 GPa, 0 GPa, 25 GPa, from non-spin-polarized 
calculations. The PBE functional was used; (b, c) Partial densities 
of states of LiCoO2 with the PBE functional and an additional 
Hubbard parameter UCo of 2.5 eV (b) and 5 eV (c). The latter 
calculations were spin-polarized, without external pressure, i.e. at 10 

0 GPa. 
 
 The dependency of the total energy E upon the volume of 
primitive unit cell V is shown in Fig. 4a using the GGA(PBE)+U 
formalism with different magnitudes of the U parameter for Co. 15 

The equilibrium unit cell volume Ve, corresponding to the 
minimum in the E(V) curve, is found to be almost independent on 
the U-parameter in the range between 0 and 2.5 eV, where the 
total spin moment of the crystal was equal to zero (Fig. 4a). For 
larger U values, magnetic solutions become energetically 20 

favorable. Correspondingly, the equilibrium unit cell volume Ve 
for the value U = 5 eV is larger (Fig. 4a). These results are to be 
expected, as a larger U value enhances the importance of obeying 
Hund's rules for the Co3+ ion, and thus favors a magnetic ground 
state. A strong crystal electric field would however suppress 25 

magnetism. This leads to a larger equilibrium volume for the 
magnetic solution, which reduces the crystal field splitting. There 
is thus a competition of electron−electron interaction 
(characterized by U) and the local environment (crystal field 
effects). A larger Coulomb repulsion U leads to magnetic 30 

solutions being more favorable. Similarly, enlarging the volume 
reduces the crystal field splitting and thus also favors magnetism. 
 A related approach is therefore to enlarge the volume, and 
search for a possible transition to a magnetic ground state. This 
was done with the B3LYP exchange−correlation functional (see 35 

Fig. 4b). First, in the non-magnetic case, the equilibrium volume 
Ve and bulk modulus B are rather close for B3LYP and GGA-

PBE and are 99.26 Å3 and 102.69 Å3 (for the crystallographic 
unit cell) and B = 50.0 GPa and 46.2 GPa. The optimized 
crystallographic unit cell dimensions correspond to a = 2.846 Å, 40 

c = 14.15 Å (B3LYP) and a = 2.888 Å, c = 14.22 Å (GGA-PBE). 
This is also close to the experimental value of the equilibrium 
volume Ve

(exp) = 97 Å3 (a = 2.82 Å, c = 14.1 Å) [43]. When 
enlarging the volume, however, the magnetic solution becomes 
favorable. This is due to the enlarged Co−O distances and thus 45 

reduction of the crystal field splitting at enlarged volume. The 
corresponding enthalpies are displayed in Fig. 5, and the 
magnetic state becomes favorable at a negative pressure of about 
−8 GPa, corresponding to a volume expansion. 
 The projected densities of states at the equilibrium volume of 50 

33.1 Å3 and at a volume of 52.1 Å3 of the primitive unit cell are 
displayed in Fig. 6. The contributions from Co d and O p are 
dominant, and the other contributions are thus not displayed. The 
DOS of the non-magnetic solution at equilibrium volume, and the 
spin-polarized DOS at expanded volume are qualitatively similar 55 

to the results from GGA+U in Figs. 3(b) and (c), respectively. 
 Stoichiometric LiCoO2 is found to have Co3+ atoms in a low 
spin state (S = 0) and is therefore non-magnetic [23]. Recently, 
spin/charge fluctuations of Co atoms (Co2+, Co3+, or Co4+) were 
suggested to lead to magnetism even in the stoichiometric 60 

LiCoO2 [25]. A slight displacement of the oxygen ions was 
proposed as an explanation, leading to a different crystal field and 
thus changing the magnetic state. Therefore, it is interesting to 
study possible magnetic solutions as a function of pressure. In 
addition, the on-site repulsion on the Co atom can be varied by 65 

applying a Hubbard U. For large U, this is expected to lead to 
magnetic solutions, as this favors single-occupancy of the d-
orbitals. 
 

 70 

a) 

 
b) 

Figure 4. Dependencies of total energy E upon the volume of the 
primitive unit cell V for LiCoO2: (a) with Hubbard U-parameter 75 

used in GGA+U functional; (b) with the B3LYP functional. 
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Figure 5. Dependencies of enthalpy H upon hydrostatic pressure 
P of LiCoO2 obtained for non-spin-polarized (thin line) and spin 
polarized (thick line) conditions, with the B3LYP functional. 
 5 

 
a) 

 
b) 

Figure 6. Projected density of states of LiCoO2, on the level of 10 

B3LYP, at (a) the equilibrium volume of the primitive cell of 
33.1 Å3, non-spin-polarized and (b) at an expanded volume of 
52.1 Å3, spin-polarized. 
 
 To gain a further understanding of the influence of the U-15 

parameter for Co on the magnetic ground state, U has been varied 
in the range from 2.5 eV to 7.0 eV (the default value suggested is 
2.5 eV [31]). For each U value, the geometry was fully 
optimized. The ground state is found to switch from the non-
magnetic one to the magnetic with a spin of 4 ħ/2 for U of about 20 

≥ 4.6 eV. The band gap initially increases with U in the range up 
to U ~ 4.6 eV, which is expected as a result of taking the 
Coulomb repulsion between localized d-electrons into account 

[28, 29]. When the transition to the magnetic ground state takes 
place, then the gap is strongly reduced to about 2 eV, due to the 25 

different electronic structure: the Co 3d states are pushed below 
the O p-states due to the large U value. For even larger U, the gap 
increases again (Fig. 7). At the transition, the ground state of the 
Co3+ ions changes from the low spin, S = 0, to the high spin state, 
S = 2. The ionicity of cobalt and oxygen slightly increases, from  30 

-0.8 |e| to -0.9 |e| (oxygen), and from +0.6 |e| to +0.8 |e| (cobalt). 
This is probably due to the increased volume in the magnetic 
state. The lithium charge is essentially constant around +0.96 |e|. 

 
Figure 7. Dependency of the band gap Eg on the Hubbard U 35 

parameter for Co, obtained with GGA+U, for LiCoO2. 
 
 LiCoO2 based materials are widely used in solid state batteries, 
and therefore transport properties are important. Diffusion 
coefficients have been measured experimentally (for an overview 40 

see e.g. [44, 45]). For this purpose, methods such as the 
potentiostatic intermittent titration technique (PITT), 
electrochemical impedance spectroscopy (EIS), potential step 
chronoamperometry (PSCA), or electrochemical voltage 
spectroscopy (EVS) have been employed. The measured values 45 

from PITT are in the range (all in cm2/s) of 10-12 to 10-11 (PITT, 
EIS) [46], 10-12 [47], 10-12 to 10-10 [48], 10-12 to 10-10 (PITT, EIS) 
[49], 10-12 to 10-11 (PITT, EIS) [50], 10-12 to 10-11 (PITT, EIS) 
[51], 10-11 to 10-10 [52]. Further values from EIS are in the range 
10-10 to 10-9 [53]. Larger values have also been obtained, such a 50 

10-10 to 10-7 [54] (PSCA, EIS), 10-9 (EVS) [55], 10-9 to 10-8 
(PITT) [56]. In addition, from nuclear magnetic resonance 
(NMR) experiments, a barrier of 0.08 - 0.3 eV was deduced, 
depending on the stoichiometry and thus structural parameters 
[57]. 55 

 The diffusion coefficients have been measured as a function of 
voltages, and the voltages can subsequently be mapped on Li 
concentrations in LixCoO2, see e.g. [46-48, 50-52, 55, 58, 59]. 
Thus, the diffusion coefficient D can be related to the Li 
concentration. This can be connected with an activation energy Ea 60 

via the estimate D = a2⋅ν⋅exp[-Ea/(kBT)], where ν is the attempt 
frequency, typically of the order 1013 s-1, and a the hopping 
distance. With e.g. D = 10-11 cm2/s, a of around 3 Å, and 
ν = 1013 s-1, at T = 300 K an activation energy of about 0.5 eV 
would be obtained.  65 

 These data are in good agreement with barriers computed with 
the nudged elastic band method [6, 60],or the synchronous transit 
method [47]. Possible factors which have an impact were also 
explored computationally in [61]. Earlier calculations based on 
molecular dynamics with an empirical force field also resulted in 70 
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a barrier of the order of 0.3 eV [62]. However, it was noted that 
even large simulation boxes with over 1000 atoms and times of 5 
to 15 ps were too short (at ambient temperature) to observe 
hopping of lithium ions from one site to another. For the system 
LiFePO4, long runs of the order of hundreds of picoseconds were 5 

required to obtain reliable results for mean square displacements 
as a function of time [63], whereas ab initio molecular dynamics 
for the same system remains challenging due to the simulation 
time, even at elevated temperatures of 2000 K, as was shown in 
[64]. 10 

 In order to investigate the lithium ion transport, the energetics 
of the migration of the ions has been computed with the nudged 
elastic band method as implemented in the VASP code [39]. A 
supercell containing 2×2×1 units of the crystallographic unit cell 
of LiCoO2 (a = b = 5.698 Å, c = 14.023 Å) was generated. This 15 

supercell contains 47 atoms and one lithium vacancy 
(Li0.917CoO2). The NEB-images were obtained by displacing one 
Li-ion along the a-axis in the xy-plane towards the vacancy 
(Fig. 8a). The shape of the unit cell was kept fixed during the 
NEB calculations. Due to the missing lithium atom, one electron 20 

less can be transferred to cobalt. Thus, a magnetic solution 
carrying an initial spin of 1/2 was explored, corresponding to a 
possible spin of a Co4+ ion in this surrounding. However, during 
the self-consistent field cycles, the magnetic moment vanished, 
and the final state was a non-magnetic, metallic state. There is 25 

thus no evidence for a spin-polarization in this case, which is 
consistent with earlier findings [3]. The results presented here 
thus refer to non-spin-polarized calculations.  
 The Li-ion migration path from the initial site to the vacancy 
obtained deviates from the straight line. The path and the 30 

computed energy barrier ∆E = 0.44 eV (Fig. 8b) is in good 
agreement with earlier results reported in Refs. [6, 60]. 
 The Bader electronic charges of the Li ions in the three lithium 
layers of the supercell have been calculated along the path as a 
function of the same distance along the a-axis (Fig. 8c). At the 35 

saddle point, where the total energy is at its maximum along the 
path, the Bader electronic charge for lithium is about −2.136 |e|, 
and the total charge thus 0.864 |e| (Fig. 8c). The Bader electronic 
charge is thus largest in magnitude along the migration path; or in 
other words lithium is least ionic. At this point, the lithium ions 40 

are also very close to the neighboring oxygen ions, which leads to 
a reduced ionicity. The CoO2 electronic charge will thus be 
reduced at the saddle point, which decreases its electronic 
polarizability. 

 45 

a) 

 
b) 

 
c) 50 

Figure 8. Positions of Li-atoms (black circles) and Li-vacancy 
(white circle) in one z-layer of a 2×2×1 supercell of Li0.917CoO2 
and path of the migrating Li-ion (a). Dependencies of the total 
energy E obtained with the PBE functional (b) and Bader charge 
of lithium ions qLi (c) on the position x of the migrating Li ions. 55 

The values of x = 0 and 2.85 Å correspond to the crystallographic 
positions (0, 0, 0) and (0.5, 0, 0) in the 2×2×1 supercell. The 
results presented are from non-spin-polarized calculations. 
 
 The real part of the dielectric permittivities ε1

(xx) and ε1
(yy) and 60 

ε1
(zz) was evaluated as function of the position of the lithium ion 

in the doped system Li0.917CoO2. It is expected that it mainly 
depends on the valence and conduction bands originating from 
CoO2. As is shown in Fig. 9, it slightly decreases along the path 
of lithium migration. This is consistent with a decrease of the 65 

polarizability αunit-cell according to the Clausius−Mossotti relation 
[65], 

( )
( )

unit-cell
unit-cell

1 4

2 3
AM Nε π
α

ρ ε

−
=

+
,                   (2) 

i.e. αunit-cell is proportional to 
3

1
2ε

 − + 
. A decreasing CoO2 

electronic charge and thus decreasing polarizability αunit cell will 70 

thus result in a decreasing dielectric permittivity ε. The 
anisotropy, εx ≈ εy > εz is very high (Fig. 9). The relative changes 
of the dielectric permittivity (∆εz/εz = 0.054) are larger than in the 
other directions (∆εx/εx = 0.011, ∆εy/εy = 0.007) (Fig. 9). The 
dielectric permittivity may thus be a useful property to study the 75 

migration of lithium ions. 
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a) 

 
b) 

Figure 9. Dependencies of the real part of the dielectric 5 

permittivity ε1
(xx) and ε1

(yy) (a) and ε1
(zz) (b) of Li0.917CoO2 on the 

position of the lithium ion. The values of x = 0 and 2.85 Å 
correspond to the crystallographic positions (0, 0, 0) and (0.5, 0, 
0). The results presented are from non-spin polarized 
calculations. 10 

 

Conclusions 

The electronic structure of and transport properties within 
undoped LiCoO2 has been studied by first principles density 
functional theory. The computed band gap is 1.02 eV using the 15 

GGA-PBE exchange−correlation functional, and 4.13 eV with the 
hybrid functional B3LYP. The ground state is non-magnetic. 
When applying an external pressure, the band gap increases due 
to the increasing crystal field splitting. The size of the band gap 
Eg was found to be proportional to the inverse unit cell dimension 20 

d−1 = V−1/3. A transition from the non-magnetic (S = 0) to the 
magnetic state (S = 2) is observed when the unit cell is expanded. 
This is due to the reduced crystal field splitting, which leads to 
Hund's rules becoming dominant and thus favoring a magnetic 
ground state for the Co3+ ions. Similarly, with an additional 25 

Hubbard U on the Co site, a magnetic ground state becomes 
preferable for U values larger than ~5 eV. 
 Transport properties have been studied with the nudged elastic 
band scheme. A barrier of 0.44 eV was obtained, which is in 
good agreement with previous simulations. When computing the 30 

dielectric permittivity of the crystal along the Li-ion migration 
path, a decrease is observed around the saddle point. It is thought 
that this is due to the reduced ionicity and thus also reduced 
polarizability of CoO2. 
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