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Mesoporous composite cathode materials
prepared from inverse micelle structures for high
performance lithium ion batteries†

Si-Jin Kim,a Young-Woo Lee,a Bo-Mi Hwang,a Seong-Bae Kim,ab Woo-Seong Kim,b

Guozhong Caoc and Kyung-Won Park*a

Mesoporous Li4Mn5O12/Li2MnO3 composite cathodes are prepared from inverse micelle structures for

high-performance LIBs. The relative ratio of layered Li2MnO3 to spinel Li4Mn5O12 in the composite

electrodes could be elaborately controlled as a function of molar ratio of LiNO3 to Mn(NO3)2 (Li/Mn) in

the precursor. All Li4Mn5O12/Li2MnO3 composite cathodes exhibit relatively large specific surface areas

and mesoporous character, which might be favorable for lithium-ion mobility. The relative ratio of

layered Li2MnO3 to spinel Li4Mn5O12 in the composite electrodes were elaborately controlled as a

function of molar ratio of LiNO3 to Mn(NO3)2 (Li/Mn) in the precursor. Our results suggest the better

cycle performance of Li excess materials with a solid solution of Li4Mn5O12/Li2MnO3 is due to

stabilization of the Li2MnO3 structure by addition of a layered component.
1. Introduction

Lithium-ion batteries (LIBs) have been attractive for portable
electronic devices due to their excellent electrochemical prop-
erties such as high voltage, high energy density and excellent
cycling performance. The cathodes in LIBs operate on the
principle of reversible intercalation and de-intercalation of
lithium ions into/from the transition-metal compound host
structure. Among numerous transition metal oxides, lithium
cobalt oxide (LiCoO2) is the most common active material.1

However, since natural deposits of cobalt are scarce, resulting in
difficulty in the production of the battery cells at low cost,
lithium manganese oxides may be an alternative material to
LiCoO2 because of their similar properties to those of LiCoO2.
There are several kinds of lithium manganese oxides such
as LiMn2O4,2,3 Li4Mn5O12,4–6 Li2Mn4O9,3,7 LiMnO2 and
Li1+dMn2�dO4 (0 < d < 0.33).8,9 An electromotive force of about 3.0
to 4.0 V can be exhibited when lithium manganese oxides are
used as cathode active materials in LIBs.

Manganese oxide-based compounds are particularly attrac-
tive as cathodes owing to their lower cost and nontoxicity.
However, since various capacity fading problems associated
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tion (ESI) available. See DOI:
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with compounds of Mn with 3.5+ valence state have been
identied, numerous efforts have been made to develop
substituted manganese oxides with valence state of Mn greater
than 3.5+ with better cycling performance. It has been reported
that both Li4Mn5O12

4–6 and Li2MnO3
8,10–15 are characterized by a

valence state of manganese equal to 4+. Robertson et al.16

reported that Li2MnO3 with a monoclinic symmetry (space
group of C2/m) due to the ordered distribution of Li and Mn in
the transition metal layers is electrochemically active with a
capacity of 300 mA h g�1. Lim et al.17 synthesized Li2MnO3

nanoparticles by a conventional solid-state method, showing a
high capacity of 236 mA h g�1 by an oxidation reaction process.
In Li4Mn5O12 with spinel structure, the Li atoms are octahe-
drally coordinated, and the Mn atoms are tetrahedrally coor-
dinated. The spinel type compound exhibits good
electrochemical stability at 3 V and is an attractive electrode
material for rechargeable 3 V lithium cells.5 Many reports have,
however, emphasized difficulties in preparing Li4Mn5O12 due to
high covalent values of manganese atoms. Johnson et al.8

designed high-performance 0.7Li2MnO3$0.3Li4Mn5O12 cath-
odes with high manganese contents synthesized by solid-state
reaction and suggested that the layered component is used to
achieve high capacity and the spinel component with a three-
dimensional interstitial space for Li-ion transport is used to
ensure a high-rate capability.

Herein, we prepared mesoporous Li2MnO3/Li4Mn5O12

composite cathodes from inverse micelle structure for high-
performance LIBs. The relative ratio of layered Li2MnO3 to
spinel Li4Mn5O12 in the composite electrodes were elaborately
controlled as a function of molar ratio of LiNO3 to Mn(NO3)2 (Li/
Mn) in the precursor. The structural characterization of
This journal is © The Royal Society of Chemistry 2014
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Li2MnO3/Li4Mn5O12 composite electrodes was carried out using
eld-emission scanning electron microscopy (FE-SEM), eld-
emission transmission electron microscopy (FE-TEM) and X-ray
diffraction (XRD). The weight ratio of Li to Mn in the electrodes
was compared using inductively coupled plasma-atomic emis-
sion spectrometry (ICP-AES). The surface area and porosity of
the electrodes were analyzed by nitrogen sorption measure-
ment. To evaluate the performance of the electrodes for LIBs,
charge–discharge characteristics, cyclic voltammograms (CVs),
and cycle performance of cathode materials were measured
using lithium coin cells.
2. Experimental
2.1 Materials synthesis

Li4Mn5O12/Li2MnO3 composite cathodes were synthesized
using a quaternary medium consisting of water, cyclohexane
(Aldrich), lithium dodecyl sulfate (LDS, Aldrich), n-butanol
(BuOH, Aldrich) and pluronic acid [P123, (PEO)20–(PPO)70–
(PEO)20, where PEO is polyethylene glycol and PPO is poly-
propylene glycol; Aldrich]. The P123 (10.0 g) as a polymer
template was dissolved in a mixed solution consisting of 80 g
cyclohexane (oil), 9.6 g n-butanol (cosurfactant), 0.45 g of LDS
(surfactant) and 0.2 g Ketjen black, and was completely stirred
until it became optically transparent. To this non-aqueous
medium, a 30 mL aqueous solution consisting of 20 mL of 1.5–
3.0 M LiNO3 and 10 mL of 1.0 M Mn(NO3)2 solution in dilute
HNO3 (45–50 wt%) were added. The emulsion was stirred for
20 h followed by slow evaporation at 130 �C to obtain a brown
gel. The gel was heated at 300 �C in air for 6 h and a precursor
was obtained. Subsequently, the precursor samples were heated
at 600 �C in air for 10 h. Then, the powders obtained were
collected and washed repeatedly with acetone to remove any
possible residual reactant. The sample was then dried in an
oven at 60 �C.18–20
Fig. 1 Schematic illustration of synthesis of the mesoporous
Li4Mn5O12/Li2MnO3 composite electrodes prepared using inverse
micelle structure. (I) Inverse micelle structure in the present synthesis
process. (II) The Li/Mn precursors experimentally added in the inverse
micelle structure. (III) The Li/Mn precursor mixture in the composites.
(IV) The Li/Mn mixture in the composites after evaporation. (V) The as-
prepared mesoporous Li4Mn5O12/Li2MnO3 composites heated at
600 �C.
2.2 Materials characterization

The size and morphology of the electrodes were observed on a
FE-SEM (JSM-6700F, Eindhoven) and FE-TEM (Tecnai G2 F30
system operating at 300 kV). For the structure analysis of the
catalysts, XRD (D2 PHASER, Bruker AXS) analysis was carried
out using a Bruker X-ray diffractometer with a Cu-Ka (l ¼
0.15418 nm) source with a Ni lter. The source was operated at
30 kV and 10 mA. The 2q angular scan from 10 to 80� was
explored at a scan rate of 0.5� min�1. Nitrogen adsorption–
desorption isotherms were recorded at a model ASAP 2020. The
specic surface area was calculated using the Brunauer–
Emmett–Teller (BET) method in the relative pressure (P/P0)
range 0.05–0.30 from the adsorption branch of the isotherm.
The pore size distribution was calculated by the Barrett–Joyner–
Halenda (BJH) method from the desorption branch. Both Li and
Mn content of cathode materials were measured, aer disso-
lution, using ICP-AES (Optima-4300 DV, PerkinElmer). Surface
chemical composition was examined by X-ray photoelectron
spectroscopy (XPS, Thermo VG, U.K.) with a monochromated Al
X-ray source (Al-Ka line: 1486.6 eV).
This journal is © The Royal Society of Chemistry 2014
2.3 Electrochemical measurement

To assemble lithium coin cells (size 2032, Hohsen Corporation),
the electrodes were fabricated by mixing 80 wt% of cathode
samples with 10 wt% Ketjen black as a conducting material
(Alfa Aesar) and 10 wt% polyvinylidene diuoride as a binder
(Alfa Aesar) in 1-methyl-2-pyrrolidinone solvent (Aldrich, 99%).
The mixed slurries were cast onto Al foils as a current collector
and dried in air at 100 �C for 12 h. The electrode with an area of
1.32 cm2 was dried at 70 �C in a vacuum oven. The electrodes
were evaluated with respect to lithium foil (FMC Corporation) as
a counter electrode. The coin cells were assembled inside an
argon-lled glove box (<5 ppm, H2O and O2). The positive and
negative electrodes of the cells were separated from one
another by a porous polypropylene membrane (Wellcos)
and an electrolyte solution consisting of 1.4 M LiPF6 in
ethylene carbonate : uoroethylene carbonate : dimethyl car-
bonate : ethylmethyl carbonate (1 : 1 : 6 : 2) as a solvent mixture
(Soulbrain Co., Ltd). Electrochemical impedance spectroscopy
measurements (EIS) were performed on the AUTOLAB electro-
chemical workstation by applying an ac voltage of 5 mV
amplitude over the frequency range 100 kHz–0.01 Hz. Before
performing impedance spectroscopic measurements the cells
were activated through charging to 4.8 V.

3. Results and discussion
3.1 Synthesis and structural analysis of Li4Mn5O12/Li2MnO3

composites

Fig. 1 shows a representation of synthesis of Li4Mn5O12/
Li2MnO3 composite cathodes prepared from inverse micelle
structures. For the present synthetic approach, the inverse
micelle has hydrophilic polar heads inside and hydrophobic
nonpolar tail outside (Fig. 1(I)) forming a C6H12 (cyclohexane)
atmosphere in contrast to general micelle structures. The
RSC Adv., 2014, 4, 11598–11604 | 11599
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polymer template, P123 as a block copolymer, consists of
polypropylene oxide inside and polyethylene oxide outside and
can be expanded by n-BuOH with increasing size of the micelle.
When the mixture of LiNO3 and Mn(NO3)2 were added in the
cyclohexane atmosphere and inltrated into the hydrophilic
head a spherical shape was generated (Fig. 1(II)). As a result, the
Li/Mn mixture was surrounded by the swelling copolymer
surfactant forming an emulsion state.

The emulsion was stirred for 20 h followed by slow evapo-
ration at 130 �C to obtain a brown gel (Fig. 1(III)). The gel was
heated at 300 �C in air for 6 h, with prevention of agglomeration
of the gel by Ketjen black particles (Fig. 1(IV)). Subsequently, the
composite materials were obtained by heating at 600 �C for 10 h
in air atmosphere (Fig. 1(V)).21,22

Fig. 2 shows SEM and TEM images of composite samples
prepared as a function of Li/Mn ratio from 1.5 to 3.0 in the
precursors. The composite samples prepared with Li/Mn ratio
of 1.5 (Fig. 2a), 1.9 (Fig. 2b), 2.5 (Fig. 2c), and 3.0 (Fig. 2d)
indicate that all samples seem to be homogeneous spherical
Fig. 2 SEM and TEM images of composite samples prepared with Li/
Mn ratio of 1.5 (a and e), 1.9 (b and f), 2.5 (c and g) and 3.0 (d and h).

11600 | RSC Adv., 2014, 4, 11598–11604
particles with a particle size of 600–800 nm (Fig. S1†). As the Li/
Mn ratio increases from 1.5 to 3.0, the as-prepared samples turn
from dark red–brown to bright red–brown (insets of Fig. 2a–d).
The TEM images of Fig. 2e–h indicate that all of the particles
consist of small nanoparticles with a size of �40 nm. As shown
in HR-TEM images, the composite samples prepared with Li/
Mn ratio from 1.5 to 3.0 display primarily spinel (Li/Mn ¼ 1.5;
Fig. S2b†), spinel and layered (Li/Mn ¼ 1.9; Fig. S2d†) and
layered (Li/Mn ¼ 2.5 and 3.0; Fig. S2f and h†) structure regions,
respectively. The composite sample prepared with Li/Mn ratio
of 1.9 mainly show nano-domains structurally integrated by
spinel and layered components.17,23–26

Fig. 3a shows wide-scan XRD patterns of Li4Mn5O12/Li2MnO3

composite electrodes heated at 600 �C in air atmosphere. In
general, cubic spinel Li4Mn5O12 has a cubic close packed oxygen
framework structure and Fd�3m space group with Mn in the
edge-shared octahedral sites. The Li2MnO3 has a layered
structure with a monoclinic unit cell and C2/m space group.
Li4Mn5O12/Li2MnO3 composite electrode prepared with Li/Mn
ratio of 1.5 displays a dominant spinel structure of Li4Mn5O12.
However, with increasing Li/Mn from 1.5 to 3.0, the character-
istic layered Li2MnO3 peaks in the XRD pattern clearly appear at
21.7�. This reveals that the ratio of spinel Li4Mn5O12 to layered
Li2MnO3 in the composite electrodes can be controlled through
Fig. 3 Wide-scan XRD patterns of Li4Mn5O12/Li2MnO3 composite
electrodes heated at 600 �C in air atmosphere.

This journal is © The Royal Society of Chemistry 2014
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Table 1 Lattice parameters of Li4Mn5O12/Li2MnO3 composite elec-
trodes prepared with different Li/Mn ratios

Li/Mn

Layered component (C2/m) Spinel component (F3dm)

a/Å b/Å c/Å a/Å

1.5 — — — 8.165
1.9 4.928 8.519 9.668 8.179
2.5 4.929 8.474 9.610 8.187
3.0 4.928 8.404 9.600 8.198

Table 2 ICP-AES data of Li4Mn5O12/Li2MnO3 composite electrodes
prepared with different Li/Mn ratios

Li/Mn

wt%

Li Mn

1.5 10.214 89.786
1.9 12.033 87.967
2.5 16.582 83.418
3.0 18.653 81.347
Li4Mn5O12 (JCPDS no. 46-0810) 9.186 90.814
Li2MnO3 (JCPDS no. 27-1252) 20.166 79.834

Fig. 4 Nitrogen adsorption–desorption isotherms of Li4Mn5O12/
Li2MnO3 composite electrodes prepared with Li/Mn ratios of (a) 1.5, (b)
1.9, (c) 2.5 and (d) 3.0. and inset pore size distribution (BJH) curves of
Li4Mn5O12/Li2MnO3 composite samples.
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our synthetic approach. As indicated in Fig. 3b, (111) of
Li4Mn5O12 at �18.817� and (002) of Li2MnO3 at �18.705� are
overlapped at around 18.7�. The peaks of Li4Mn5O12/Li2MnO3

composite electrodes prepared with Li/Mn ratio of 1.5, 1.9, 2.5
and 3.0 are located at 18.813, 18.777, 18.754 and 18.724�,
respectively, representing a dominant phase transition from
spinel Li4Mn5O12 to layered Li2MnO3 with increasing Li/
Mn.8,11,23–25 Typically, a literature value of spinel lattice param-
eter for Li4Mn5O12 is a ¼ 8.1616 Å. As shown in Table 1
(obtained using TOPAS, Bruker), the increase in the spinel
lattice parameter from a ¼ 8.165 to 8.198 Å for the samples
indicates that the spinel component of Li4Mn5O12/Li2MnO3

composite electrodes is reduced with increasing Li/Mn. In
contrast, the layered lattice parameters close to the reference
values indicate that the layered component of Li4Mn5O12/
Li2MnO3 composite electrodes increases with increasing Li/
Mn.8 To clearly characterize the valence state of manganese
element in the as-prepared samples, Mn 2p3/2 spectra of the
samples were obtained (Fig. S3†). The spectrum consists of a
narrow peak at �642 eV, a distinct shoulder at �643 eV, and a
broad, pronounced shoulder between 644 and 647 eV. These
features are also present in the tted Mn4+ spectrum.27

Table 2 shows ICP-AES data of weight percentage (wt%) of
Li and Mn in Li4Mn5O12/Li2MnO3 composite electrodes with
respect to Li4Mn5O12 and Li2MnO3 as references. For
reference, the weight ratio of (Li : Mn) for single Li4Mn5O12

and Li2MnO3 are (9.186 : 90.814) and (20.166 : 79.834), respec-
tively. The weight ratios of (Li : Mn) in Li4Mn5O12/Li2MnO3

composite electrodes prepared with Li/Mn ratio of 1.5, 1.9, 2.5
and 3.0 are 10.214 : 89.786, 12.033 : 87.967, 16.582 : 83.418,
18.653 : 81.347, respectively, indicating phase transition from
Li4Mn5O12 to Li2MnO3 with increasing Li/Mn. Based on the
This journal is © The Royal Society of Chemistry 2014
peak position from XRD patterns (Fig. 2b) and the Li/Mn ratio
from ICP-AES data (Table 2), it is observed that the relative ratio
of Li4Mn5O12 to Li2MnO3 in the composite samples can be
varied as a function of the Li/Mn ratio in the present synthetic
process.

Furthermore, in order to characterize the pore structure of
the samples, nitrogen gas adsorption–desorption isotherms
and pore size distribution curves of the Li4Mn5O12/Li2MnO3

composite electrodes were obtained as shown in Fig. 4. The
isotherm curves of the composite samples display a well-
dened step for the relative pressure P/Po ranging from 0.6 to
0.8 as a typical IV classication with a clear H1-type hysteretic
loop, which is characteristic of mesoporous materials.
Li4Mn5O12/Li2MnO3 composite electrodes prepared with Li/Mn
ratios of 1.5, 1.9, 2.5 and 3.0 have specic surface areas of 16.2,
20.4, 18.9 and 16.8 m2 g�1 and mesoporous character, which
might be favorable for lithium-ion mobility.29 The pore size
distribution curve of the all samples is mesoporous with pore
diameter of �2.5 nm with narrow size distribution corre-
sponding to the replication of the samples (Fig. 2).29
3.2 Electrochemical analysis of the Li4Mn5O12/Li2MnO3

composite cathodes

Fig. 5a–d shows 1st and 2nd charge–discharge curves of
Li4Mn5O12/Li2MnO3 composite cathodes at a current density of
0.1 C. At 0.1 C, the 1st discharge capacities of Li4Mn5O12/
Li2MnO3 composite cathodes prepared with Li/Mn ratios of 1.5,
1.9, 2.5 and 3.0 are 199.84, 269.41, 184.78 and 182.01 m Ah g�1,
respectively. However, total capacities of Li4Mn5O12/Li2MnO3

composite cathodes contain complicated electrochemical
contributions from layered and spinel components. Recently,
Johnson et al. demonstrated the stages in the discharge
curves of Li4Mn5O12/Li2MnO3 composite cathodes assigned to
the spinel, layered or both dominant regions.8,11 In our case,
the prole of the discharge curves of a lithium cell with the
RSC Adv., 2014, 4, 11598–11604 | 11601

http://dx.doi.org/10.1039/c3ra45654d


Fig. 5 Charge–discharge curves and CVs of Li4Mn5O12/Li2MnO3

composite cathodes prepared with Li/Mn ratio of 1.5 (a and e), 1.9 (b
and f), 2.5 (c and g) and 3.0 (d and g).

Fig. 6 Plots of specific discharge capacity vs. cycle number for
Li4Mn5O12/Li2MnO3 composite cathodes prepared with Li/Mn ratios of
(a) 1.5, (b) 1.9, (c) 2.5 and (d) 3.0 at room temperature.
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cathodes can be classied by four distinct regions: initial (4.8–
3.8 V), layered (3.8–2.8 V), spinel (2.8–2.7 V), and layered/spinel
(2.7–2.0 V), resulting from the composite character with spinel
Li4Mn5O12 and layered Li2MnO3. Table 3 displays comparison
of discharge capacities divided by the four stages of Li4Mn5O12/
Li2MnO3 composite cathodes. In particular, in the layered
region between 3.8 and 2.8 V, the capacities of the composites
prepared with Li/Mn ratios of 1.5, 1.9, 2.5 and 3.0 are 21.41,
28.26, 44.15 and 52.55%, respectively. In contrast, in the spinel
region between 2.8 and 2.7 V, the capacities of the composites
prepared with Li/Mn ratios of 1.5, 1.9, 2.5 and 3.0 are 16.41,
15.21, 8.66 and 4.17%, respectively. This indicates that the
Table 3 Comparison of discharge capacities for Li4Mn5O12/Li2MnO3 co

Potential range

Capacity (mA h g�1)/portion (%)

Li/Mn ¼ 1.5 Li/Mn ¼

Initial (4.8–3.8 V) 39.24 19.63 64.18
Layered (3.8–2.8 V) 42.78 21.41 76.15
Spinel (2.8–2.7 V) 32.79 16.41 41.01
Layered + spinel (2.7–2.0 V) 85.03 42.55 88.07
Total 199.84 100 269.41

11602 | RSC Adv., 2014, 4, 11598–11604
portion of the layered component increases with increasing Li/
Mn whereas the contribution of the spinel component
decreases, which is in good agreement with both XRD and ICP-
AES analysis (Fig. 3).28,29 Fig. 5e–h show CVs of lithium coin cells
using Li4Mn5O12/Li2MnO3 composite cathodes with a scan rate
of 0.2 mV s�1 in the range between 4.8 and 2.0 V vs. Li/Li+. The
representative reduction peaks appear at �4.0 and �2.7 V. In
particular, the layered component in the composite cathodes
has the reduction region between 3.8 and 2.8 V. With increasing
Li/Mn from 1.5 to 3.0, a reduction peak corresponding to the
discharge in the layered structure for the composite cathodes
can be clearly observed in the potential range.30–36

The cycling performance of the composite cathodes for 25
cycles at a current rate of 0.1 C is indicated in Fig. 6. The early
stage between the 1st and 5th cycles of composite cathodes
during the cycling reaction exhibits an activation process.17,20

The composite cathodes prepared with Li/Mn ratio of 1.5, 1.9
and 2.5 exhibit 199.84, 269.27, and 184.78 mA h g�1 of 1st
discharge capacity and 71.02, 77.04 and 72.51% of capacity
retention aer maximum capacitance to 25 cycles, respectively..
The 1st and 25th discharge capacities of the composite cathode
prepared with Li/Mn ratio of 3.0 are 180.01 and 190.12
mA h g�1, respectively, i.e. greater than its initial capacity aer
25 cycles. The unusually retained capacity is shown in Fig. 6d.

Nyquist plots of the Li4Mn5O12/Li2MnO3 composite elec-
trodes were obtained as shown in Fig. 7a. The impedance
mposite cathode materials prepared with different Li/Mn ratios

1.9 Li/Mn ¼ 2.5 Li/Mn ¼ 3.0

23.81 28.98 15.67 36.08 19.82
28.26 81.57 44.15 95.64 52.55
15.21 15.99 8.66 7.59 4.17
32.72 58.24 31.52 42.7 23.46

100 184.78 100 182.01 100

This journal is © The Royal Society of Chemistry 2014
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Fig. 7 (a) Nyquist plots of Li4Mn5O12/Li2MnO3 composite samples in
the frequency range between 100 kHz and 0.01 Hz. (b) The relation-
ship between ZRe and u�1/2 at low frequency.

Table 4 Comparison of charge transfer resistance (Rct), Warburg
impedance coefficient (sW), and diffusion coefficient (D) of the
composite electrodes

Li/Mn Rct/U W/U cm2 s�1/2 D/cm2 s�1

1.5 130 23.03 4.05 � 10�14

1.9 128 21.72 4.56 � 10�14

2.5 157 31.12 2.27 � 10�14

3.0 198 30.36 2.33 � 10�14

Paper RSC Advances

Pu
bl

is
he

d 
on

 0
7 

Ja
nu

ar
y 

20
14

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

W
as

hi
ng

to
n 

on
 1

8/
04

/2
01

4 
20

:1
4:

39
. 

View Article Online
spectra of the cell consisted of two depressed semicircles in the
high-to-medium frequency region and a straight line in the low
frequency region. The value of the diameter of the semicircle on
the Z real axis is related to the charge transfer resistance (Rct).
The values of Rct of the Li4Mn5O12/Li2MnO3 composite elec-
trodes prepared with Li/Mn ratios of 1.5, 1.9, 2.5 and 3.0 are 130,
128, 157 and 198U. The low frequency region of the straight line
is attributed to the Warburg diffusion of the lithium ions into
the electrode material (Table 4).

ZRe ¼ Re + Rct + sWu�1/2 (1)

D ¼ R2T2/2A2n4F4C2sW
2 (2)

From eqn (2), the Li-ion diffusion coefficients (D) of the
Li4Mn5O12/Li2MnO3 composite electrodes prepared with Li/Mn
This journal is © The Royal Society of Chemistry 2014
ratios of 1.5, 1.9, 2.5 and 3.0 can be obtained as 4.05 � 10�14,
4.56 � 10�14, 2.27 � 10�14 and 2.33 � 10�14 cm2 s�1, respec-
tively, exhibiting much faster Li-ion diffusion process in the
composite electrode prepared with Li/Mn ratio of 1.9. As a
result, the improved lithium-ion intercalation properties of the
composite electrode prepared with Li/Mn ratio of 1.9 is believed
to be attributed to relatively large specic surface area, low
transport resistance, and high lithium ion diffusion coefficient
in the mesoporous nanostructured electrode.37

4. Conclusion

We have successfully prepared mesoporous Li2MnO3/
Li4Mn5O12 composite cathodes for high-performance LIBs by
means of a modied inverse micelle method. The ratio of
layered Li2MnO3 to spinel Li4Mn5O12 in the composite elec-
trodes could be controlled as a function of Li/Mn. All
Li4Mn5O12/Li2MnO3 composite cathodes exhibit relatively large
specic surface areas and mesoporous character, which might
be favorable for lithium-ion mobility. The total discharge
capacities of Li4Mn5O12/Li2MnO3 composite cathodes are a sum
of the electrochemical contributions by layered and spinel
components.
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