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Abstract 

 
A number of lithium cobalt oxide samples doped with Mg and/or 
Ti with general formula LiCo1-x-yMgxTiyO2 have been 
synthesized. Their crystal structure was studied by XRD, their 
chemical composition was determined by atomic absorption 
spectroscopy and complexometric titration. The average initial 
discharge capacity amounted to 145 to 150 mAh g-1. Degradation 
rate of non-doped samples was 0.74 mAh g-1 per cycle. Doping 
results in decrease of degradation rate, doping effect manifests 
itself at net dopant content more than 0.02. The degradation rate 
happens to be the least at x+y = 0.03–0.05. In this case 
degradation rate is less than 0.1 mAh g-1 per cycle, which is 7.5 
times less than that for non-doped lithium cobaltite.    
 
Keywords: lithium-ion batteries, lithium cobaltite, doping, 
magnesium, titanium 

1. Introduction 

Lithium-ion batteries (LIB) are the most attractive 
rechargeable power sources due to their high energy 
density and specific power [1]. Positive electrodes of 
commercialized LIB are based on such oxide materials as 
LiCoO2, LiNiO2, and LiMn2O4. LiCoO2 is the most 
popular material owing to high discharge capacity and 
good cyclability. In this respect LiCoO2 excels both 
LiNiO2 and LiMn2O4 [1]. At the same time the prolonged 
cycling of LIB with LiCoO2-based positive electrodes 
results in gradual diminishing discharge capacity. 
Meanwhile, the doping LiCoO2 with other metals, e.g. Zr, 
Al, Mg, and Ti is known to lead to improvement of 
cyclability [2−10]. According to authors [9] small 
concentrations of dopant ions in the lithium plane can act 
as pillars that provide extra structural stability to the 
system, resulting in enhanced cyclability. At the same time 
authors [5] point to increase of bond lengths of Li−O and 
Co−O; decrease in the thickness of CoO2 slab; and 
increase in the distance of inter-slab with increasing Mg 
content in LiCo1−xMgxO2. Larger inter-slab distance can 
favour to facilitate the intercalation and deintercalation of 
lithium ions in the lattice. As a rule, dopant content, i.e. 

index x in the formula LiCo1−xMxО2, where М is doping 
metal, must be no more than 0.1. For instance, according to 
[6] LiCoO2 doping by aluminum and magnesium results in 
decrease of discharge capacity up to 125 mAh g-1 at x = 0.2 
and to 100 mAh g-1 at x = 0.4. According to [11] LiCoO2 
doping by rather high amounts of aluminum, specifically x 
= 0.25 leads to fast degradation upon cycling. 

Also the authors [12-14] have reported about positive 
influence of Mg-doping of a lithium cobalt oxide onto its 
electrochemical behavior.    
The present work is devoted to studying material with 
general formula LiCo1-x-yMgxTiyO2, where х = 0, 0.007, 
0.01, 0.014, 0.02, 0.034, 0.036 and y = 0, 0.009, 0.01, 
0.011, 0.017, 0.018, 0.02, 0.026. 

2. Experimental  

2.1 Synthesis 

All samples were synthesized by solid-state method from 
Li2(CO3), MgO, Co3O4 and TiO2. Stoichiometric amounts 
of starting materials were treated in planetary mill for 30 s. 
Then the mixture was dried and calcined for 3 to 16 hours 
at the temperature 650−950 oC in air. The samples thus 
obtained were characterized by X-ray diffraction (XRD) 
analysis. X-ray diffraction (XRD) patterns of the calcined 
powders were obtained with an X-ray powder 
diffractometer DRON-3 (Cu Kα radiation). The data were 
collected with the rate of 0.25 degree/min over the range 
18<2θ <72◦. True composition was determined with atomic 
absorption spectroscopy and complexometric titration. 

2.2 Electrode preparation  

Active mass for electrodes under investigation was 
prepared via mixing of 85 w/o LiCo1-x-yMgxTiyO2, 10 w/o 
acetylene black (Timcal, Belgium) as a conducting 
additive and 5 w/o polyvinylidene fluoride (PVdF) as a 
binder. PVdF was used as a solution in N-methyl 
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pyrrolidone (Aldrich). Such slurry was homogenized at 
ultrasonic mixer VCX-130 and then it was cast onto both 
sides of current-collector by the doctor-blade technique. 
The current-collectors were made from stainless steel mesh 
with thickness 0.1 mm. The electrodes were dried firstly 
for 5 h at the temperature 90 oC in air for NMP removal. 
After that the electrodes were pressed by 500 kg/cm2 for 
30 s and dried at 120 oC under vacuum for 8 h for water 
traces removal. The active substance load amounted to 
40−50 mg at the electrodes sized 15 x 15 mm.   
Counter and reference electrodes were made of lithium 
metal rolled up on the nickel mesh with a welded-on 
current lead made from nickel foil. All potential values 
thereafter are referred to this very reference electrode. The 
electrochemical measurements (registration of 
galvanostatic charge-discharge curves) were performed in 
Teflon cells with tightly assembled electrodes. The design 
of the cells simulated the commercial lithium-ion batteries. 
Every cell contained one work, two counter and one 
reference electrodes separated by porous polypropylene 
film. This film 25 μm-thick (analog of "Celgard", 
production of the UFIM Co., Russia) was impregnated 
with electrolyte. The 1 М LiPF6 in a mixture of ethylene 
carbonate-diethyl carbonate-dimethyl carbonate (1:1:1) (all 
components of the electrolyte were qualified as ‘extra dry’ 
and were purchased from Aldrich) was used as an 
electrolyte. The water content in the electrolyte was less 
than 10 ppm as determined by the Fischer coulometric 
titration using a 684 KF-Coulometer (Metrohm, 
Switzerland). The assembling of the cells and their filling 
with electrolyte was carried out in a glove box with argon 
atmosphere (“Spectro-systems”, Russia). The galvanostatic 
charge–discharge curves were recorded using a home-
made multichannel computerized setup for the potential 
cycling. The potential range of the cycling was 3.0 to 4.3 V, 
current density was equal to 20 mA per 1 g of active 
substance. This value corresponds to 0.18−0.22 mA cm-2. 
Cycling of the electrochemical cells was performed with 
computerized cycler of Buster Co. (St. Petersburg, Russia). 

3. Results and discussion  

3.1 Structure analysis of LiCo1-x-yMgxTiyO2 
(0≤x≤0.36; 0≤y≤0.26). 

X-ray diffraction patterns of LiCoO2 and 
LiCo0.968Mg0.014Ti0.018O2 are shown in Fig. 1. All doped 
samples were shown to contain no impurities, whereas 
plain LiCoO2 contained some amounts of Co3O4. 
Composition (formula, sum and ratio of stoichiometric 
coefficients x and y) and structure parameters (constants of 
hexagonal lattice, ahex and chex, and ratio of reflex (003) 

and reflex (104) intensities) along with electrochemical 
characteristics (discharge capacity at the first cycle and 
average capacity fading) of all samples are summarized in 
the Table1 and Table2.  
 

 
 

 
 

Fig. 1.  XRD patterns for LiCoO2 (a) and LiCo0.968Mg0.014Ti0.018O2 
(b) 

 
According to [5] and [14, 15] substitution of magnesium 
ions for cobalt ions is accompanied by increase of 
constants of hexagonal lattice. The results of the present 
work demonstrate that LiCoO2 doping by magnesium, 
titanium or both also results in the increase of the lattice 
constants. It is considered that ratio I(003)/I(104) directly 
influences on electrochemical behavior of the system. This 
ratio could be used as some indicator of cation mixing in 
doped layered systems [16]. As one can see in the Table 1 
all doped samples possess higher ratio I(003)/I(104) than 
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plain LiCoO2. This fact points on high cation ordering in 
doped materials.  
 

Table 1. Composition and structure parameters of the samples studied 
 

Sample 

LiCo1−x−yMgxTiyO2 

ahex, 

Å 
chex, Å c/a 

I003/ 

I104 

LiCoO2 2.8139 14.052 4.994 1.38 

LiCo0.99Ti0.01O2 2.8148 14.054 4.993 1.38 

LiCo0.98Ti0.02O2 2.8141 14.051 4.993 1.42 

LiCo0.99Mg0.01O2 2.8139 14.055 4.995 1.55 

LiCo0.98Mg0.02O2 2.8161 14.056 4.991 1.50 

LiCo0.984Mg0.007Ti0.009O

2 

2.8153 14.055 4.992 1.44 

LiCo0.982Mg0.007Ti0.011O

2 

2.8149 14.057 4.994 1.63 

LiCo0.968Mg0.014Ti0.018O

2 

2.8146 14.053 4.993 1.47 

LiCo0.948Mg0.034Ti0.018O

2 

2.8153 14.052 4.993 1.43 

LiCo0.946Mg0.034Ti0.020O

2 

2.8146 14.053 4.993 1.28 

LiCO0.936Mg0.036Ti0.026

O2 

2.8139 14.043 4.991 1.22 

3.2. Electrochemical performances of LiCo1-x-

yMgxTiyO2 (0≤x≤0.36; 0≤y≤0.26). 

The effect of doping on electrochemical performances of 
LiCoO2 is vividly seen in Table 2 and Fig. 2.  
 
Table 2. Composition and electrochemical performances of the samples 

studied 
 

Sample 
LiCo1−x−yMgxTiyO2 

x + y x/y 

Average 
fading 
rate, 

mAh g-

1 per 
cycle 

Initial 
capacity, 
mAh g-1 

LiCoO2 0 - 0.74 142 

LiCo0.99Ti0.01O2 0.01 - 0.70 143 

LiCo0.98Ti0.02O2 0.02 - 0.54 143 

LiCo0.99Mg0.01O2 0.01 - 0.50 151 

LiCo0.98Mg0.02O2 0.02 - 0.42 150 

LiCo0.984Mg0.007Ti0.009O

2 

0.016 0.78 0.16 148 

LiCo0.982Mg0.007Ti0.011O

2 

0.018 0.64 0.13 147 

LiCo0.968Mg0.014Ti0.018O

2 

0.032 0.78 0.10 146 

LiCo0.948Mg0.034Ti0.018O

2 

0.052 1.89 0.10 140 

LiCO0.946Mg0.034Ti0.020

O2 

0.054 1.70 0.10 140 

LiCO0.936Mg0.036Ti0.026

O2 

0.062 1.90 0.24 131 

 
The Figure compares charge and discharge curves for plain 
and doped LiCoO2. The effect of doping violently 
manifests in the course of cycling. Charge-discharge 
curves of the first cycle for non-doped and doped samples 
barely differ. 
Discharge capacity in this case is equal to 142 mAh g-1 and 
mean discharge potential is close to 3.95 V. After 80 
charge-discharge cycles discharge capacity of non-doped 
sample lowered to 83 mAh g-1 whereas that for doped 
sample (LiCo0.968Mg0.014Ti0.018O2) is equal to 136.6 mAh 
g-1. Mean discharge potential for these samples is equal to 
3.62 and 3.88 V, correspondingly.  
 

 
Fig. 2. Charge and discharge curves for electrodes from 
LiCo0.968Mg0.014Ti0.018O2 (curves 1, 3) and plain LiCoO2 (curves 2, 4) 
for the 1st (curves 1, 2) and 100th (curves 3, 4) cycles.   
 
Capacity diminishing upon cycling electrode with non-
doped LiCoO2 was 0.74 mAh g-1 per cycle. LiCoO2 
doping with small amounts of titanium (sample 
LiCo0.99Ti0.01O2) seems to have no impact on initial 
discharge capacity as well as on capacity fading. Increase 
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of titanium content up to y = 0.02 (sample 
LiCo0.98Ti0.02O2) allowed to decrease degradation rate up 
to 0.54 mAh g-1 per cycle without change in initial capacity. 
Doping of LiCoO2 by magnesium improved both initial 
capacity and cycling stability. The initial discharge 
capacity of the LiCo0.99Mg0.01O2 and LiCo0.98Mg0.02O2 
amounted to 150−151 mAh g-1, and capacity fading was 
equal to 0.50 and 0.42 mAh g-1 per cycle, correspondingly.   
Samples doped with both Mg and Ti could be divided into 
four groups. The first group includes low-doped samples 
LiCo0.984Mg0.007Ti0.009O2 and LiCo0.982Mg0.007Ti0.011O2. 
In this case a sum x + y was equal to 0.016 and 0.018, and 
ratio x/y = 0.78 and 0.64. The second group consists of 
samples LiCo0.968Mg0.014Ti0.018O2 (x + y = 0.032 and x/y = 
0.78). The third group contains samples 
LiCo0.948Mg0.034Ti0.018O2, LiCo0.946Mg0.034Ti0.020O2, and 
LiCo0.949Mg0.036Ti0.017O2. For this group x + y lies in the 
range 0.052–0.054 and x/y in the range 1.70–1.89. And 
finally, samples LiCo0.936Mg0.036Ti0.026O2 (x + y = 0.062 
and x/y = 1.38) present the fourth group.  
Capacity fading for the samples of the first group 
amounted from 0.13 to 0.16 mAh g-1per cycle. Doubling of 
magnesium and titanium content with invariant ratio x/y 
(the second group) leaded to decrease capacity fading. 
Samples of the third group had unexpectedly modest initial 
discharge capacity, specifically 140 mAh g-1 however their 
degradation upon cycling was rather slow (0.099−0.10 
mAh g-1 per cycle). The following increase of doping level 
(samples of the forth group) resulted in worsening 
electrode performances, namely decrease of initial capacity 
and increase of degradation upon cycling. 
The effect of doping on degradation of cobaltite-based 
electrodes is shown also in Fig. 3. This Figure depicts a 
cycling history of electrodes with plain LiCoO2 and 
electrodes with doped samples LiCo0.98Mg0.02O2, 
LiCo0.98Ti0.02O2, and LiCo0.968Mg0.014Ti0.018O2. It is clear 
that effect of doping tells mainly upon degradation rate.    
 

 
Fig. 3. Discharge capacity diminution upon cycling for electrodes with 
plain LiCoO2 (curve 1) and for electrodes with LiCoO2 doped by 

magnesium (sample LiCo0.98Mg0.02O2, curve 2), titanium (sample 
LiCo0.98Ti0.02O2, curve 3), and both (sample LiCo0.968Mg0.014Ti0.018O2, 
curve 4). 
   
Fig. 4 depicts degradation rate vs. doping level (x + y). 
 

 
Fig.4. Capacity fading vs. doping level (x + y) 

 
One can see that the doping effect becomes noticeable at 
total dopant content about 0.02. As a whole, the 
dependence of degradation rate on doping level passes 
through minimum at x + y ≈ 0.03-0.05. 

4. Conclusions 

A number of LiCoO2 samples doped with magnesium 
and/or titanium was synthesized by solid-state method 
from Li2(CO3), MgO, Co3O4 and TiO2. Such a doping 
was shown to result in some increase of lattice parameters. 
The main effect of the doping consists in notable decrease 
in capacity fading upon cycling. The degradation rate of 
electrodes made from non-doped LiCoO2 amounts to 0.74 
mAh g-1 per cycle, whereas that for doped samples LiCo1-x-

yMgxTiyO2 with (x + y) ≈ 0.03-0.05. is as low as 0.10 mAh 
g-1 per cycle.  
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