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Abstract : The present work focuses on the influence of Cerium on the structural and electrical properties of 
LiNi0.5Mn0.5O2 compound. Equivalent (LiNi0.475Ce0.05Mn0.475O2) and non-equivalent sites (LiNi0.45Ce0.05Mn0.5O2 

and LiNi0.5Ce0.05Mn0.45O2) cerium doped LiNi0.5Mn0.5O2 compounds were prepared by PVP assisted sol-gel 

method and was investigated by XRD and AC impedance analysis. The XRD analysis shows that Ce doping 

does not change the basic crystalline structure of LiNi0.5Mn0.5O2. The appearance of new peaks at  28 and 33  

in the XRD pattern was consistent with the standard peaks of CeO2. In addition, the intensity ratio (I003/I104) of 
planes (003) and (104) was decreased by doping, suggesting the undesirable cation mixing to be occurred at the 

lattice. By AC impedance analysis the total electrical conductivity of the pristine compound was found to be 

2.57×10
-7

 S/cm. An effective improvement of the total electrical conductivity (order of 10
-6

 S/cm) was observed 
for the cerium doped LNMO compounds. 
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Introduction 

 In recent years, layered LiNi0.5Mn0.5O2 (LNMO) has been rapidly popularized as a cathode material for 

lithium rechargeable batteries because of its high reversible capacity, good cyclic performance, higher specific 

capacity, excellent thermal stability as well as comparatively low cost and non-toxic nature than commercial 
LiCoO2[1-2]. However its poor rate capability, difficulty in the preparation, cation mixing, low tapping density 

and poor electrical conductivity are the hurdles to overcome[3-4]. It is well known that, foreign metal ion 

doping or surface coating method is the effective way to improve the electrochemical performance of the 
cathode materials. Literature study shows that doping of foreign metal ions like Ti, Mg, Zr, Al, and Co etc. 

improves the structural stability, reduces the cation mixing and enhances the cyclic performance of 

LiNi0.5Mn0.5O2. To the best of our knowledge the studies of Cerium (Ce) doped LiNi0.5Mn0.5O2 is yet to be 

reported. In this study, LiNi0.475Ce0.05Mn0.475O2, LiNi0.45Ce0.05Mn0.5O2 and LiNi0.5Ce0.05Mn0.45O2 prepared by 
PVP assisted sol-gel method was investigated by means of XRD and AC impedance analysis to explore the 

changes in the structural and electrical properties of pristine LNMO compound by cerium substitution. 

Experimental 

 LiNi0.475Ce0.05Mn0.475O2, LiNi0.45Ce0.05Mn0.5O2 and LiNi0.5Ce0.05Mn0.45O2 was prepared by sol-gel 

method using the raw materials Poly(vinyl pyrrolidone) PVPK-40, LiNO3, MnNO3.4H2O, NiNO3.6H2O, and 

mailto:meetsaku@gmail.com
mailto:sakunthala@karunya.edu


A.SAKUNTHALA et al /Int.J. ChemTech Res.2014,6(13),pp 5252-5255. 5253 

 

Ce(NO3)3 from Sigma-Aldrich. The preparation procedure is reported elsewhere [5]. X-ray diffraction pattern of 

the prepared samples were obtained using SHIMADZU-XRD-6000 diffractometer with Cu-K  radiation (λ = 

0.1541 nm) as the source at 40 KV. The AC impedance studies were carried out using computer controlled CH 
instrument (CHI-600E) in the frequency range of 40 Hz – 1 MHz at room temperature with 50 mV of fixed 

amplitude. 

Results and discussion 

 The powder XRD patterns of pristine and cerium doped LiNi0.5Mn0.5O2 compounds are shown in Figure 

1 (a, b, c & d). All the main peaks in the XRD diffractogram of prepared compounds could be indexed on the 

basis of  - NaFeO2 structure with space group R3-m. Moreover the clear spilitting of (006/012) and (018/110) 

peaks indicates the formation of well ordered hexagonal layered structure. The peaks appeared at 2   28, 33, 

47, 56 and 58
 

 (fig. 1 (b, c & d)) is attributed to CeO2 phase (JCPDS: 89-8436), while all other peaks are 
consistent with the hexagonal layer structured LiNi0.5Mn0.5O2 (JCPDS: 09-0063) [6]. Our XRD result implies 
that 0.05 M of Cerium doping doesn’t change the basic crystalline structure of the LNMO compound.  

 

 

 

 

 

 

 

 

 

Fig.1 XRD patterns of the a) LiNi0.5Mn0.5O2, b) LiNi0.5Ce0.05Mn0.45O2 c) LiNi0.45Ce0.05 Mn0.5O2   & d) 

LiNi0.475 Ce0.05Mn0.475O2 powders 

 The intensity ratio (I003/I104) was found decreased after doping (Pristine - 1.04, Mn site- 0.85, Ni site - 
0.91 and both site -0.83), suggesting the undesirable cation mixing to be occurred at the lattice. Irrespective of 

dopant site, all the peaks corresponding to LNMO shifts to a higher angle, indicating that Ce doping shrink the 

lattice. This may be attributed to the substitution of larger Ce
4+

 ion (r = 0.087 nm) for smaller Ni
2+

 (r = 0.069 
nm) and Mn

4+
 (r = 0.053 nm) ions.  

 The measured complex-plane impedance plot for the LiNi0.5Mn0.5O2, LiNi0.5Ce0.05Mn0.45O2, 
LiNi0.45Ce0.05Mn0.5O2 and LiNi0.475Ce0.05Mn0.475O2 compound at room temperature are shown in Figure.2. The 

pristine LNMO and the cerium doped compounds shows the two overlapping semicircles related to the parallel 

combination of resistor with capacitor (both grain and grain boundary effect). But the width of the semicircles 

was reduced after doping. This indicates that the presence of CeO2 phase in the LNMO compound reduces the 
overall resistance of the material.  

The electrical conductivity of the all the prepared compounds was calculated using the following formula, 

 =   l / RA --- Eq. (1) 

Where, l and A are the thickness and area of the sample respectively. R is the resistance, which can be 

calculated from the intercept of the low frequency spike on real axis. The electrical conductivity of the all the 
samples are tabulated in Table 1. The observed conductivity spectra (Figure.3 (a)) shows mid frequency plateau 

region followed by high frequency dispersion region, for all the samples. The conductivity value obtained from 

the low frequency plateau region all most matched with the value obtained from complex-plane impedance 
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spectra. Our result shows that Ce doping significantly increases the electrical conductivity by one order (  10
-6

 
S/cm).   

 

Fig.2 (a) Nyquist plot for the compounds (a) LiNi0.5Mn0.5O2, (b) LiNi0.5Ce0.05Mn0.45O2, (c) LiNi0.45Ce0.05 

Mn0.5O2  and (d) LiNi0.475Ce0.05Mn0.475O2   

Table.1 Comparison of conductivity data 

S.No Compound Conductivity (S/cm) 

From Nyquist plot 

Conductivity (S/cm) 

From conductivity spectra 

1 LiNi0.5Mn0.5O2 2.57×10
-7

 2.15×10
-7
 

2 LiNi0.5Ce0.05Mn0.45O2 1.29×10
-6

 1.22×10
-6
 

3 LiNi0.45Ce0.05Mn0.5O2 1.34×10
-6

 1.25×10
-6
 

4 LiNi0.475Ce0.05Mn0.475O2 1.52×10
-6

 1.39×10
-6
 

 

 

 

 

 

             

 

 

 

Fig. 3 (a) conductivity spectra of pristine LiNi0.5Mn0.5O2 and cerium doped compounds 

              In the Modulus plot (Figure.3 (b)), for the pristine compound, the presence of peaks at low and high 

frequency region indicates the grain boundary and grain region, respectively, Interestingly, the absence of grain 

boundary peak in the modulus spectra of the doped compounds, suggest the reduced grain boundary thickness 
after doping, thereby decreasing the overall resistance of the material. 



A.SAKUNTHALA et al /Int.J. ChemTech Res.2014,6(13),pp 5252-5255. 5255 

 

 

Fig. 3 (b) Modulus spectra of pristine LiNi0.5Mn0.5O2 and cerium doped compounds 

Conclusion 

           Pristine and 0.05 M of Ce doped lithium nickel manganese oxide were successfully prepared by PVP 
assisted sol-gel method. The XRD results indicate the presence of CeO2 phase leading to slight increase in the 

cation mixing in the lattice.  Electrical studies show the overall conductivity of the compound to be improved 

by one order after doping due to the reduction of grain boundary region by the presence of CeO2 phase. With 

proper doping level of cerium and preparation methods, there is a scope for better performance of cerium doped 
lithium nickel manganese oxide cathode material.  

Acknowledgement 

         The authors would like to thank Karunya University, Coimbatore- 641 114 for the Central research 

facilities. The authors are thankful to the Board of Research in Nuclear Sciences, Bombay (DAE-BRNS Project. 

No: 34/32/1221/2012) for providing financial support and one of the author Mr.P.Senthil Kumar thanks the 
above funding agency for the Junior Research Fellowship.  

References 

1. Sphar ME, Novak P, Schnyder B, Haas O, Nesper R. Cyclic performance of novel lithium insertion 

materials based on the Li-Ni-Mn-O system. J Power Sources., 1997, 68:629. 

2. Ohzuku T, Makimura Y. Layered lithium insertion material of LiNi1/2Mn1/2O2: A possible alternative to 
LiCoO2 for advanced lithium-ion batteries. Chem Lett., 2001, 744. 

3. Li D, Sasaki Y, Kobayakawa K, Sato Y. Impact of cobalt substitution for manganese on the structural 

and electrochemical properties of LiNi0.5Mn0.5O2. Electrochim. Acta., 2006, 51:3809-3813. 
4. Li D, Muta T, Noguchi H. Electrochemical characteristics of LiNi0.5Mn0.5-xTixO2 prepared by solid state 

method. J Power Sources., 2004, 135:262. 

5. Senthil Kumar P, Sakunthala A, Prabu M, Reddy MV. Transport properties of layered lithium nickel 
manganese oxide (LiNi0.5Mn0.5O2) cathode material for lithium ion batteries. Proceedings of the 14

th
 

Asian Conference on Solid State Ionics (ACSSI-14). ISBN: 978-981-09-1137-09. 

6. Zhang YJ, Xia SB, Zhang YN, Dong P, Yan YX, Yang RM. Ce-doped LiNi1/3Co(1/3-x/3)Mn1/3Ce1/3O2 

cathode materials for use in lithium ion batteries. Chinese Sci Bull., 2012, 57:4181-4187.  
 

***** 

 

 


