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S1. Raman spectra of the Raman spectra of graphite (top), graphite oxide (middle), and the 

reduced graphene oxide (bottom). 
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Raman spectroscopy provides information on the structural properties of carboneous materials, 

including disorder and defect structures. S1 shows the Raman spectrum of pristine graphite, 

graphite oxide (GO) prepared using Hummers method and reduced graphene oxide (RGO) 
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prepared by chemical reduction using hydrazine as reducing agent. The significant structural 

changes occurring during the chemical processing of pristine graphite to GO, and then to the 

reduced GO, are reflected in their Raman spectrum. The Raman spectrum of the pristine graphite, 

as expected, displays a prominent G peak as the only feature at 1581 cm-1, corresponding to the 

first-order scattering of the E2g mode.[1] In the Raman spectrum of GO, the G band is 

broadened and shifted to 1607 cm-1. In addition, the D band at 1363 cm-1 becomes prominent, 

indicating the reduction in size of the in-plane sp2 domains, possibly due to the extensive 

oxidation. The Raman spectrum of the RGO also contains both G and D bands (at 1589 and 1352 

cm-1, respectively), however, with an increased D/G intensity ratio compared to that in GO. S. 

Stankovich et al. reported that this change suggests a decrease in the average size of the sp2 

domains upon reduction of the exfoliated GO [1], and can be explained if new graphitic domains 

were created that are smaller in size to the ones present in GO before reduction, but more 

numerous in number.[2] Generally, RGO sheets which were produced through chemical 

exfoliation of natural graphite and hydrazine conversion would necessarily have some of defects 

in their structure.[3] The RGO material used in this study also has some of defects and 

disordered carbon structure. And the electrical conductivity (~2 x 102 Sm-1) and specific surface 

area (BET surface area: 420 m2g-1) are similar to RGO obtained in previous works using a 

hydrazine reduction.[2, 4] And elemental analysis (EA) revealed a C/O atomic ratio of 1.5 for 

GO and 10.6 for RGO after the chemical reduction.  

In this study, RGO sheets with electrical conductivity of ~2 x 102 Sm-1 and BET surface area 

of 420 m2g-1 served as an electronic conductive template for the LiMn2O4 nanoparticles.  We 

believe that RGO sheets used in this study is electrically conductive enough to ensure the 

excellent high rate capability of nano-sized LiMn2O4/RGO hybrid material as reported in the 

manuscript.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2011



 

S2. Oxidation number versus binding energy multiple splitting (ΔBE) of the Mn3s lines. 
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S3. Electrochemical properties of nano-sized LiMn2O4-based electrode materials prepared 

by various synthesis routes in the literature. 

Material 
Synthetic 

method 

Contents of 

conducting 

additive in 

working 

electrode 

Specific capacity  Rate capability Ref 

Nanocrystalline 

spinel LiMn2O4 

(50-120 nm size) 

Resorcinol-

formaldehyde 

route 

10 wt.% of 

acetylene 

black 

136.9 mAh g-1  

at 0.2 C-rate 

Decrease of 26 %  

(from 0.2 to 60 C-rate) 
5 

Nano-sized 

Li1.09Mn1.91O4 

Spray 

pyrolysis 

10 wt.% of 

acetylene 

black 

107 mAh g-1  

at 1 C-rate 

Decrease of 15% 

(from 1 to 10 C-rate) 
6 

Porous LiMn2O4 
Biomimetic 

solution route 

10 wt.% of 

acetylene 

black 

135 mAh g-1  

at 0.7 C-rate 

Decrease of 13% 

(from 0.7 to 3.5 C-

rate) 

7 

LiMn2O4/C 

composite 
Hydrothermal 

10 wt.% of  

carbon black 

102 mAh g-1  

at 0.04Ag-1  

Decrease of 19% 

(from 0.04 to 2 Ag-1) 
8 

LiMn2O4/C 

nanocomposite 

Flame co-

synthesis 

20 wt.% of 

super P 

(carbon black) 

Over 80 mAh g-1  

at 50 C-rate 

Decrease of 20% 

(from 5 to 50 C-rate) 
9 

LiMn2O4 

nanoparticle 

(7-26 nm size) 

Flame spray 

pyrolysis 

20 wt.% of 

super P 

(carbon black) 

107.2 mAh g-1 

at 0.5 C-rate 

Decrease of 20% 

(from 5 to 50 C-rate) 
10 

Single crystalline 

spinel LiMn2O4 

nanowire 

Self 

templating of 

Na0.44MnO2 

45 wt.% of 

acetylene 

black 

108 mAh g-1 

at 5 Ag-1 

Decrease of 19% 

(from 5 to 20 Ag-1) 
11 

Spinel LiMn2O4 

nanorods 

Solid state 

reaction 

10 wt.% of  

carbon black 

110 mAh g-1 

at 0.1 C-rate 

Decrease of 10% 

(from 0.1 to 1 C-rate) 
12 

Nano-LiMn2O4 

spinel 

Resorcinol-

formaldehyde 

route 

12 wt.% of  

super S 

carbon 

131 mAh g-1 

at 0.5 C-rate 

Decrease of 15% 

(from 0.2 to 60 C-rate) 
13 

Spinel LiMn2O4 

nanoparticle 
Hydrothermal 

20 wt.% of 

acetylene 

black 

108.3 mAh g-1 

at 0.8 C-rate 

Decrease of 26% 

(from 0.8 to 16 C-rate) 
14 
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