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Nanostructured (10~50 nm) cathode material Li2MnO3 was simply prepared via facile one-step 

hydrothermal process without any further treatment by controlling reaction parameters, including the 

reaction time, proportion of processor, and the reagent concentration. The obtained Li2MnO3 products 

were well crystallized by a monoclinic structure with a space group of C2/m phase. The materials 

exhibit a lower activation potential when being cycled, and delivered electrochemical performance 

between 4.3V and 2.0 V at room temperature, with a capacity of 243 mAh·g
-1

. The structural 

information of the prepared materials advances the understanding of corresponding electrochemical 

properties.  
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1. INTRODUCTION 

Extensive researches have shown the significant role of nano-size effect to build-up the 

thermodynamic and kinetic properties of lithium reactive materials. With the advantages of low cost, 

abundance and environmental benign, lithium manganese oxide based compounds are the most 

attractive cathode materials for lithium ion batteries (LIB) [1-11]. Various Mn based derivatives such 

as spinel-structured LiMn2O4 and Li4Mn5O12, orthorhombic or mono-clinic structured LiMnO2, and 

other lithium-rich structures have caught the eyes of many researchers, however, LiMnO2 tends to 

transform into a spinel structure because of the cation migration during the lithium insertion/extraction 

process [12]; LiMn2O4 suffers from capacity loss resulted from manganese dissolution and the Jahn–

Teller effect [5, 13]. In these Li-Mn-O materials, Li2MnO3 component has been investigated 

thoroughly as the role of providing Li
+
 ions and stabilizing the electrode structure. Delmas et al. [14] 

described that Li2MnO3 possesses an O3-type structure similar to layered LiMO2 notation, which can 
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be alternatively represented as Li[Li1/3 Mn2/3]O2, i.e. 1/3 of Mn
4+

 ions in interslab octahedral sites are 

replaced with Li
+
 ions, while slab octahedral sites were occupied by the rest of Li

 
and Mn

4+
ions. A 

lithium-rich layered superstructure with the honeycomb Li/Mn orders formed due to the occupation of 

additional Li
+
 ions in transition metal (TM) layers, which are basically derived from the layered rock-

salt a-NaFeO2 type structure with space group of R3m . Layer-structured Li2MnO3 is 

thermodynamically stable, in which Li
+
 ions are mobile and can be extracted from the structure on 

charging process. Therefore, Li2MnO3 is considered as potential cathode materials for LIB. 

Li2MnO3 is generally considered as electrochemically “inactive” below the usual cut-off charge 

potential of 4.5V vs. Li/Li
+
 because it is difficult to oxidize Mn

4+
 to the Mn

5+
 state [15-18]. The high 

charge voltage also requires further modified electrolyte, and bring in other problems such as the 

stability, or safety of cells. To achieve low-cost batteries with high performance, simple, inexpensive, 

highly reproducible and environmental friendly methods are employed for producing electrode 

materials, such as solid state synthesis, co-precipitation and pyrolysis [19-21]. Co-precipitation or sol-

gel processes can produce many kinds of nanosized cathode materials; however, the process presents 

challenges in terms of extending annealing conditions because of poor crystallization, resulting in an 

unpredictable wide range of particle size and specific surface area, which highly influence the 

electrochemical performance of the materials such as capacity and rate capability. Single-crystalline 

Li2MnO3 nanorods were prepared by Wang et al. using a low-temperature molten salt synthetic route 

while no electrochemical performance was tested [22]. Kubota et al. [23] obtained oxygen-deficient 

Li2MnO3-x (0 < x < 0.19) using metal hydrides as reducing agents at 255-265℃, which delivers a very 

large capacity in the 1
st
 cylcle. However, all the methods mentioned above suffered from some 

problem such as high energy consumption, expensive raw materials, and complex process.  

Self-seeding hydrothermal methods can be employed to synthesize Li-Mn-O nanostructures. In 

this article, well-crystallized Li2MnO3 nanoparticles were obtained via one-step hydrothermal method 

by controlling preparation parameters, including reaction time, proportion of processor, and the reagent 

concentration. The prepared materials delivered a reversible capacity of 243 mAh·g
-1

 

charged/discharged between 2.0-4.3V, which is different previously reported results.  

 

 

2. EXPERIMENTAL 

2.1. Preparation of Li2MnO3 nanoparticles 

KMnO4 and MnSO4 with the molar ratio of 1: 4 were dissolved in distilled water. And, excess 

LiOH solution was added into the mixed solution. A brown suspension was immediately formed as 

soon as LiOH solution was added. Then, the mixtures with suspension were transferred into a Teflon-

lined stainless steel autoclave for a hydrothermal reaction at 200℃ for 32 h. Finally, the obtained 

precipitate washed thoroughly with distilled water and ethanol, and dried at 60℃ in air.  

 

2.2. Structure Characterization 

X-ray powder diffraction (XRD) measurements were employed to investigate the 
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crystallographic structure using a Rigaku Rint2200 X-ray diffractormeter with a non-monochromated 

Cu-K X-ray source. The morphology and structure of prepared materials were exhibited by 

transmission electron microscopy (TEM) and high-resolution transmission electron microscopy 

(HRTEM) images recorded with a JEOL-2010 instrument at an acceleration voltage of 200 kV.  

 

2.3. Electrochemical measurements  

Electrochemical properties of the prepared samples were measured using Swagelok-type two-

electrode cells. The working electrodes were pressed with a mixture of 80 wt.% active materials, 15 

wt.% acetylene black, and 10 wt.% polytetrafluoroethylene (PTFE) binders. Then, the prepared 

electrodes were dehydrated by a vacuum dry at 60℃for 12 h and were cooled down to room 

temperature. The cells assembled in an MBraun glove box filled with pure argon flow. A lithium disk 

and a lithium chip served as counter and reference electrodes. The electrolyte was 1M LiPF6 dissolved 

in ethylene carbonate (EC) and dimethyl carbonate (DMC) solution (EC:DMC=1:1, v/v). Celgard 2300 

polypropylene was employed as the separator. Galvanostatic charge/discharge cycling was studied in 

the potential range 4.3–2V vs. Li/Li
+
 using a Newware multi-channel battery testing system. 

 

 

 

3. RESULT AND DISCUSSION  

3.1. Structures and Morphologies Analysis 

 
 

Figure 1. XRD patterns of nanostructured monoclinic Li2MnO3 prepared at 200℃ with the precursor 

MnSO4, KMnO4, and LiOH 

 

The phase structure of obtained products was determined by XRD measurements. As shown in 

Figure 1, the observed diffraction peaks of the samples match well with the Li2MnO3 structure, and 

none impurity phases were detected in the products. The well-developed diffraction peaks at 2θ = 

64.5°and 65.5°correspond to (135) and (060) directions respectively, indicating the products possess a 

monoclinic structure with a space group of C2/m, which is same as layered rock-salt structure with 

space group of R3m . The (020) and (-111) peaks located at the 2θ = 20º ~ 22.5º range are 
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substantially broad, and merged into one broad peak, owing to the structural defects existed in the pack 

of the ordered cationic layers along the “c” axis of monoclinic structures [14, 24].  

Investigation for the hydrothermal systems showed that the molar ratio of MnSO4/KMnO4 and 

the concentration of LiOH were two key factors influencing the phase and structures of final product. 

Mn
2+

 in MnSO4 can be oxidized by KMnO4 inevitably, which means the proportion of 

MnSO4/KMnO4 was essential in decision of the valence of Mn in production By adding LiOH into the 

mixed solution of MnSO4 and KMnO4, a precipitate of Mn(OH)2 was formed immediately. The 

precursor KMnO4 was employed to oxidize Mn(OH)2, and the reaction process before lithiation is as 

follows: 

 

                       (1) 

                (2) 

 

The oxidizability of KMnO4 was significantly impacted by the pH value of the solution. In this 

process, LiOH played the role of adjusting the pH value of the mixture, and also was the sources of 

lithium ion for preparing orthorhombic Li-Mn-O compounds. With the concentration of LiOH 

decreasing, Mn
3+

 was further oxidized to the value of +4, and Li2MnO3 phase was formed. It can be 

summarized as:  

                  (3) 

 

   
 

Figure 2. TEM and HRTEM images of the as-prepared Li2MnO3 powders 

 

The crystallinity and morphology of the particles have great influence on the electrochemical 

performance of electrode materials. The structures information of prepared Li2MnO3 powders was 

further investigated via TEM and HRTEM. As shown in Fig.2, the samples are agglomerated secondary 

particles, in other words, these particles are shaped from much smaller primary particles. The materials 

present a quasi-porous structure, owing to the interstices and pores between the primary particles. The 

final product morphology is the mixture of nanorods and nanocubes with the size of 10 ~ 50nm. The 

a b 

  42
Mn OH +KMnO MnOOH

 4 2
MnSO +LiOH Mn OH

2 3MnOOH+LiOH Li MnO
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HRTEM result implies a well crystallized status of the products, which is beneficial to the transport of 

Li
+
 ions and the cycling stability of cathode materials, as well as the particle size of the product.  

 

3.2. Electrochemical Properties 

The electrochemical performance of the as-prepared Li2MnO3 nanoparticles was evaluated at by 

determining the charge-discharge characteristics using Swagelok-type two-electrode cells at room 

temperature. It can be seen from Fig.3, a specific discharge capacity of 243 mAh·g
-1

 was delivered 

between 4.3 and 2.0V. The initial discharge capacity of the product was 323 mAh·g
-1

, which corresponds 

to 70% of the theoretical capacity of Li2MnO3 (459 mAh·g
-1

) when all the lithium ions are extracted. 

According to previous report [27-30], Li2MnO3 will be changed to MnO2 when being charged, owing to 

the complete Li2O removal from the rocksalt structure. Whereas it is probably only one lithium ion is 

reinserted before the formation of stoichiometric rocksalt LiMnO2 during discharge. Therefore, the 

coulombically efficient of Li2MnO3 electrodes in first charge/discharge process is about 75%. Moreover, 

the efficient increased to 85% with cycling after 20cycles.  

 

 
 

Figure 3. Cycling performance of prepared Li2MnO3 tested at current density of 60mAg
-1

 between 

4.3V and 2.0 V 

 

Usually, it is considered that the monoclinic structured Li2MnO3 is electrochemically “inactive” 

for lithium intercalation and de-intercalation between 2.0 V and 4.5 V vs Li/Li
+
. [16, 25-28], and the 

capacity of Li2MnO3 is only 20 mAh·g
-1

 at 4.5 V. A reasonable explanation based on oxygen loss has 

been accepted [28, 29]. When Li2MnO3 electrodes are charged above 4.5 V in the first cycle, there are 

two combined processes happened, corresponding to lithium de-intercalation (electrochemical process) 

and oxygen loss (chemical process) respectively. During these processes, Li2O will be extracted from 

the Li2MnO3 component before electrolyte oxidation, thus Li2MnO3 can be electrochemically activated. 

In our test, a clearly lower activation potential in the initial charging was detected, which may be 

attributed to the vicinity of the surface, and the shallow reaction depth [30] (<50 nm) of nanosized 

Li2MnO3. Compared to bulk materials, nano-scaled particles with higher specific surface and more 

defects expose more Li2MnO3 to the electrolyte and exhibit higher energies, which can decrease the 
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potential barrier and make it easier for Li2O extraction from the Li2MnO3 component. Moreover, the 

diffusion distance of Li
+
 and electrons were shortened during the electrochemical process. Therefore，

the surface electrochemical reactivity between electrolyte and the prepared active materials was greatly 

improved.
 
  

 

 

 

4. CONCLUSIONS 

Nanostructured Li2MnO3 cathode material was successfully obtained via a low-cost one-step 

hydrothermal reaction using MnSO4·H2O，KMnO4 and LiOH aqueous solution as the precursor at a low 

temperature. The cathode materials was tested between general 4.3 and 2.0V voltage window, and shows 

good electrochemical properties in rechargeable lithium batteries with a discharge capacity of 242 

mAh·g
-1

. The materials exhibit a lower activation potential due to the nanoscale effect, which makes it 

easier for Li
+
 diffusion, indicating the promising future of nanoscaled cathode materials for application in 

lithium ion batteries. 
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