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Abstract

Novel category LiMnSnO4 compound was synthesized via. Urea assisted combustion (UAC) method at 800 �C and examined for pos-
sible use as cathode material in lithium-ion batteries. The XRD (X-ray diffraction) results of LiMnSnO4 sample authenticate the ortho-
rhombic crystal structure with high degree of crystallinity. Presence of uniformly distributed nanometric grains (scanning electron
microscopy) with preferred local cation environment is evident from FT IR (Fourier transform infra red spectroscopic) and 7Li
NMR (nuclear magnetic resonance spectroscopy) studies. The charge–discharge behavior of Li/LiMnSnO4 cells demonstrated a specific
capacity of 113 mA h/g, with an excellent capacity retention (95%) and Ah efficiency (>99%). Besides, the internal resistance of the Li/
LiMnSnO4 cell after 30 cycles is negligibly small, thus demonstrating good electronic conductivity and cycling stability, required for any
lithium intercalating cathode material.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Compounds that can reversibly incorporate lithium ions
into their crystal structures are of interest for application as
cathode materials in rechargeable lithium batteries [1].
Common cathode materials used in lithium batteries are
spinel LiMn2O4 [2], layered LiCoO2 [3], LiNiO2 [4] and
the olivine category LiFePO4 [5]. Basically, the deployment
of LiMn2O4 cathode in practical devices is limited, as it suf-
fers from poor capacity retention due to Jahn-Teller distor-
tion induced metal dissolution [2]. On the other hand, the
most commonly used LiCoO2 and the high capacity
LiNiO2 cathodes need to be addressed for their toxicity,
cost and safety issues [6]. Similarly, phospho-olivines, pop-
ularly known for their low cost, nontoxicity and high inher-
ent safety also have low electronic conductivity and slow
lithium ion diffusion across the LiFePO4/FePO4 boundary
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problems, thus necessitates the search for newer and alter-
nate cathode materials for lithium battery applications.

Besides olivines, it is believed that there is ample hope for
LiMSnO4 category compounds as possible lithium insertion
electrodes [1,7], wherein report on LiFeSnO4 compound
alone is available in the literature till date [8]. Based on
the intriguing results of such a preliminary explorative
study on LiFeSnO4 compound [1,8], it was decided to
synthesize a related category eco-benign and economically
viable LiMnSnO4 compound, so as to explore the possibil-
ity of deploying the same as cathode in rechargeable lithium
cells. Hence, a detailed investigation on LiMnSnO4

compound has been made for the first time with a view to
understand the structural and electrochemical behavior of
the same for exploitation as lithium intercalating cathode
material.

As is well known that the synthesis procedure adopted
plays a vital role in deciding the specific capacity and
capacity fade of an electrode material, Urea assisted com-
bustion (UAC) method has been chosen for the present
work, based on our earlier studies [9]. As expected, UAC
method has resulted in the formation of ultra fine LiM-
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nSnO4 powders with desirable physical as well as electro-
chemical characteristics of lithium intercalating cathode
material, which is the significance of present study.

2. Experimental

2.1. Synthesis procedure

The LiMnSnO4 active material was synthesized by
adopting Urea assisted combustion (UAC) method where
stoichiometric proportions of respective high purity metal
nitrate (Sigma Aldrich, India) precursors were dissolved
in triple distilled water. To the homogeneous solution
was added calculated quantity of urea, a popularly known
combustion fuel, along with continuous stirring. The clear
solution thus obtained after the addition of urea was heat
treated at 120 �C for 12 h. followed by sintering at 300 �C
for about 5 h. to expel carbon in the form of CO2 that
Fig. 1. (a) X-ray diffraction pattern and (b) SEM im
resulted from the combustion of urea. The sintered precur-
sor obtained at this stage was ground to yield finer powder
and was further heat treated at a higher temperature of
800 �C for 3 h. using an alumina crucible. Herein, both
the rate of heating and cooling were maintained at 1 �C/
min to avoid surface cracking of the particles and to ensure
the presence of uniformly distributed particles of sub-
micron size. Also, the properly controlled and duly moni-
tored heating sequence renders improved yield (70%) of
the final product without any undesirable agglomeration
that takes place normally during high temperature sinter-
ing process.

2.2. Physical and electrochemical characterization

Phase characterization was done from the powder
X-ray diffraction (XRD) patterns recorded on a Philips
1830 X- ray diffractometer using Ni filtered Cu Ka
age of LiMnSnO4 compound calcined at 800 �C.
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radiation (k = 1.5406 Å). Surface morphology of the
synthesized LiMnSnO4 was investigated using Jeol
S-3000H Scanning Electron Microscope. Fourier trans-
form infra red spectroscopy (FT IR) study was per-
formed on a Perkin-Elmer paragon-500 FT IR
spectrophotometer using a pellet containing the mixture
of KBr and the active material in the region of 400–
2000 cm�1. 7Li NMR measurements were carried out
with a Bruker MSL-400 spectrometer by employing a
5 mm Bruker VT-MAS probe operating at a 7Li
frequency of 14 MHz. Electrochemical impedance spec-
troscopy (EIS) measurement and charge–discharge mea-
surements were performed using an Autolab
Electrochemical Workstation and MACCOR charge–dis-
charge cycle life tester respectively.

2.3. Electrode preparation and cell assembly

The process of electrode preparation and the coin cell
fabrication in an Argon-filled Glove box are mentioned
in our earlier reports [10].
Fig. 2. (a) FT IR and (b) 7Li MAS
3. Results and discussion

3.1. Structural and surface morphology results

Fig. 1a shows the PXRD (Powder X-ray diffraction)
pattern of LiMnSnO4 material synthesized at 800 �C by
UAC method. The existence of well defined and highly
intense Bragg peaks demonstrates the presence of phase
pure and highly crystallized product. The deployment of
optimum synthesis temperature (800 �C) with an intermit-
tent grinding has excluded the co-existence of undesirable
impurities associated with the formation of LiMnSnO4.
The miller indices (hkl) of all the peaks corresponding to
LiMnSnO4 are indexed as per the JCPDS file No: 310767
that corroborates the existence of an orthorhombic lattice
structure. The lattice parameter values calculated by least
square fitting are a = 5.30, b = 6.01, and c = 9.08. Using
Scherer’s formula [11], the average grain size of LiMnSnO4

has been calculated to be 250 nm, which is believed to be
due to the deployment UAC method to produce ultra fine
powders of LiMnSnO4.
NMR spectra of LiMnSnO4.
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The surface morphology of LiMnSnO4 compound has
been investigated using Scanning electron microscopy
(Fig. 1b). Presence of evenly distributed spherical grains
with well defined grain boundary and particles in the order
of �200 nm is obvious from the micrographs of LiM-
nSnO4. Thus the presence of nanometric grain size of LiM-
nSnO4, as derived from Scherer’s formula is substantiated
further from SEM studies.

3.2. FT IR and MAS 7Li NMR studies

FT IR signature of LiMnSnO4 (Fig. 2a) compound con-
sists of high frequency bands at 619 and 527 cm-1, due to
Fig. 3. (a) Voltage vs. Sp. Capacity and (b) Sp. Cap
the asymmetric stretching modes of the MnO6 group [12].
Similarly, a weak band at 426 cm�1 is assigned to the vibra-
tions of LiO4 tetrahedra [12] and the presence of a new and
an additional weak band at 673 cm�1 may be attributed to
the presence of edge sharing SnO6 octahedra.

The broad room temperature 7Li NMR spectra
recorded for LiMnSnO4 compound (Fig. 2b) consists of
two intense resonances at 620 and 526 ppm and a less
intense resonance at 0 ppm. It is quite interesting to note
that the 7Li NMR results of our earlier study conducted
on a series of LiMSnO4 with M = Ni, Al, Ce and Co have
demonstrated the presence of single resonance at 0 ppm
alone, suggesting the presence of orthorhombic type of
acity vs. Cycle number behavior of LiMnSnO4.
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arrangement [13]. On the contrary, when Mn is substituted
for M in LiMSnO4 matrix, it is evident from present study,
that the Li site occupancy experiences a major shift
towards high frequency region (620–520 ppm), in addition
to the normal 0 ppm resonance, which is unusual.
However, the presence of additional resonances at 526
and 620 ppm in the present study may be corroborated
with the manganese induced defect mechanism that leads
to the partial occupation of Li in 8a tetrahedral sites and
the presence of lithium near 16d manganese vacancies
respectively [14].

3.3. Electrochemical characterization-charge discharge

studies

The electrochemical performance characteristics of
LiMnSnO4 cathode measured on a coin cell at a constant
current density of 0.2 mA and in the potential window of
2.8–4.5 V demonstrate the reversibility and structural sta-
bility of the same upon cycling.

Fig. 3a shows the charge–discharge behavior of Li/LiM-
nSnO4 half-cell, wherein the compound exhibited two volt-
age plateaus around 3.9 and 4.1 V that may be attributed
to the insertion and extraction of lithium ions in two stages
[15]. As seen from Fig. 3a, the compound exhibited similar
charge (114 mA h/g) and discharge capacity (113 mA h/g)
values, thus demonstrating the excellent columbic efficiency
(>99%). Further, the exact overlapping of the initial dis-
charge (Qdc1) curve with the one obtained after 10 cycles
(Qdc10) demonstrates the excellent capacity retention and
structural stability of the LiMnSnO4 cathode, especially
upon cycling.
Fig. 4. Nyquist impedance
Fig. 3b represents the cycle life vs. capacity plot of
LiMnSnO4 cathode examined at room temperature,
wherein an initial discharge capacity of 113 mA h/g with
a reversible capacity of 108 mA h/g at the end of 30
cycles has been displayed by the compound. Such a high
degree of capacity retention (>95%) exhibited by LiM-
nSnO4 may be correlated to the combined effect of
enhanced conductivity and structural stability of the cath-
ode. The average capacity loss in LiMnSnO4 cathode per
cycle (�0.17%) is almost negligible, thus qualifying the
same as a potential cathode with near zero strain elec-
trode behavior.

The high stability of the LiMnSnO4 cathode upon
cycling was further confirmed from the electrochemical
impedance analysis carried out for both the as fabricated
and the cell after completing 30 cycles (Fig. 4). It is evident
from Fig. 4 that the high frequency region intercept values
with the real impedance [Re(Z)] are 51 and 54 X respec-
tively, corresponding to the total electrical resistance of
the as fabricated LiMnSnO4 cell and the cell after 30 cycles.
It is well known that such an intercept value is considered
as the total electrical resistance offered by the electrode
material (Rm), electrolyte (Re), and the electrical leads
[16]. Since the resistance of electrolyte (Re) and that of elec-
trical leads (Rl) are almost the same throughout the exper-
iments, the small difference in the total resistance of
LiMnSnO4 cathode corresponds to the resistance of the
synthesized cathode. Hence, it is understood from EIS
measurements also that the synthesized LiMnSnO4 cathode
possesses good electrochemical stability upon extended
cycling, as the internal resistance of the cell after cycling
has not increased significantly.
spectra of LiMnSnO4.



460 N. Jayaprakash et al. / Electrochemistry Communications 13 (2008) 455–460

ARTICLE IN PRESS
4. Conclusion

In an attempt to explore the novel category LiMnSnO4

cathode for rechargeable lithium batteries, Urea assisted
combustion (UAC) method has been chosen to synthesize
the title compound. Nanometric LiMnSnO4 powders with
high phase purity and crystallinity were obtained at
800 �C. Presence of orthorhombic crystal structure is evi-
dent from XRD and 7Li NMR, despite the presence of
additional resonance due to the manganese induced defect
in LiMnSnO4 matrix. An apparently high specific capacity
of �113 mA h/g has been exhibited by the UAC synthe-
sized LiMnSnO4 cathode with good electrochemical stabil-
ity upon extended cycling. The appreciable electrochemical
characteristics, especially the excellent columbic efficiency
(>99%) and better capacity retention upon cycling
(�0.17% capacity fade) qualify the LiMnSnO4 cathode as
one of the promising next generation strain free electrodes
for use in lithium batteries.
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