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Abstract  

A new ternary metal oxide (Cr2Mo3O12) anode with its application as an anode material for 

Li-ion batteries is reported in this work. Experimental conditions such as reaction 

temperature, reaction time, and reactant concentration have all been investigated. The product 

can be obtained with sheet-like or rod-like morphology with/without the presence of 

graphene support. The Cr2Mo3O12/graphene rod-on-sheet composite is found to be more 

suitable for Li-storage compared to the Cr2Mo3O12/graphene sheet-on-sheet composite and 

pristine Cr2Mo3O12 nanosheets/nanorods. The rod-on-sheet composite delivers a large 

reversible capacity of 988 mAh g-1 after 50 cycles at a current density of 100 mA g-1 and a 

good rate capability. Moreover, a preliminary Li-storage mechanism is also explored and 

suggested.   
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Introduction 

Rechargeable lithium-ion batteries (LIBs), as the most rapidly growing energy storage system, 

have been widely used in portable electronic devices, hybrid electrical vehicles, and electrical 

vehicles.[1-3] The current commercial LIBs gradually cannot meet the ever-growing demands 

for high energy and power density. In recent years, great efforts have been made to seek 

alternative electrode material which plays a vital role in improving the performance of 

LIBs.[4-5] Transition metal oxides can deliver higher gravimetric and volumetric capacities 

compared with commercial graphite. For example, a theoretical capacity of 1058 or 1116 

mAh g-1 can be calculated for chromic oxide (Cr2O3)
[6-11] or molybdenum oxide (MoO3)

[12-15]. 

However, almost all transitional metal oxides exhibit poor electrical conductivity and a large 

volume change during the conversion reactions with lithium, which may significantly affect 

the electrochemical properties of electrode materials such as cycling performance and 

rate-capability.[4, 16] 

 

To solve these problems, considerable amounts of attempts have been made to develop 

nanoscale electrode materials and produce a hybrid matrix with carbon materials (such as 

graphene and carbon nanotube).[17-25] These hybrid composites could benefit from not only 

the large Li-storage capacity of transitional metal oxides, but also the improved electrical 

conductivity and structure stability of carbon materials. Recently, Ternary metal oxides are 

expected to have unique lithium storage properties distinct from binary oxides, which are 

induced by the combination of two different metals in one matrix.[26-36] Multiple species of 

ternary metal oxides can be accessible due to the diversity of metal elements and crystal 
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structure[37-40], while controlled synthetic method and complicated lithium storage mechanism 

still leave a huge challenge.  

 

Herein, this work reports a new ternary metal oxide (Cr2Mo3O12) for lithium ion storage. 

Cr2Mo3O12 was prepared with nanorod and nanosheet morphologies. Graphene was further 

used to improve its electrochemical properties in the Cr2Mo3O12/graphene composites. It is 

found that a large reversible capacity could be achieved for graphene supported Cr2Mo3O12 

nanorods with good cycling performances. A preliminary Li-storage mechanism was also 

explored for this new anode.  

 

Materials synthesis: All chemicals were used as received without further purification. 

Graphene (GNS) were prepared by a modified Hummers method, followed by a thermal 

reduction as reported previously[22]. In a typical synthesis of Cr2Mo3O12 nanorods on 

graphene composite: GNS (38.7 mg) were dissolved in deionized water (25 mL) and then 

sonicated for 1 h. Hexaammonium heptamolybdate (AHM, 0.1 g) tetrahydrate and Chromium 

chloride hexahydrate (CrCl3∙6H2O, 0.1 g) were then added into the suspension with constant 

magnetic stirring. After adjusting pH to 1 using 15 wt % HCl solution, the mixture was 

transferred into Teflon-lined stainless steel autoclave and heated up to 180 °C for 12 h. The 

as-prepared precipitate was rinsed with deionized water for several times, and finally dried at 

80 oC in vacuum for further characterization. To explore the effect of synthesis conditions, 

the intermediate products were collected when the reaction time was 8, 24 h and the reaction 

temperature was 100 oC. Besides, various amounts of GNS were also used for preparation of 
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Cr2Mo3O12/graphene rod-on-sheet composites with different contents of GNS to optimize 

lithium storage performance. Cr2Mo3O12/graphene sheet-on-sheet composites were prepared 

in a similar method by adding 0.02 g instead of 0.1 g CrCl3∙6H2O. Rod-like Cr2Mo3O12 and 

sheet-like Cr2Mo3O12 product were prepared by a similar method in the absence of GNS, 

respectively.  

 

Materials characterization: The samples were characterized by X-ray diffraction (XRD, 

Rigaku D/max-2550V, Cu Kα radiation), field-emission scanning electron microscopy 

(FE-SEM, JSM-6700F) with an energy dispersive X-ray spectrometer (EDS), transmission 

electron microscopy and high-resolution transmission electron microscopy (TEM, HRTEM, 

JEOL JEM-200CX and JEOL 2010F). Raman spectroscopy was recorded on Renishaw in 

plus laser Raman spectrometer (excitation wavelength: 785 nm, excitation power: 3 mW, spot 

size: ~1.2 μm). The Brunauer-Emmett-Teller (BET) surface area and porous structures were 

determined by an accelerated surface area and porosimetry analyzer (Micromeritics 

Instrument Corp, ASAP 2020 M + C, analysis adsorptive: N2). The contents of carbon were 

measured using an elemental analyzer (Vario Micro). 

 

Electrochemical measurements: The Swagelok-type cells were assembled in an argon-filled 

glove-box and used to measure the electrochemical performances. The working electrodes 

were composed of active material, acetylene black and poly (vinylidene difluoride) (PVDF) 

at a weight ratio of 80: 10: 10 in N-methyl pyrrolidinone (NMP). The loading amount of the 

electrode on copper foil was kept at ~2 mg cm-2 and the thickness was ~20 micrometers. 
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Lithium foil was used as the reference electrode. The electrolyte was 1 M LiPF6 dissolved in 

a mixture of ethylene carbonate (EC) and diethyl carbonate (DEC) (1: 1 w/w). The 

galvanostatic discharged (lithium insertion) and charged (lithium extraction) tests were 

performed at various current densities (100-1000 mA g-1) in the fixed voltage range 5 mV to 

3.0 V. Cyclic voltammetry (CV) was performed on a CHI660D electrochemical workstation 

at a scan rate of 0.1 mV s-1. Nyquist plots were collected on the same workstation for various 

electrodes from 100 kHz to 0.01 Hz. 

Results and Discussion  

Materials Synthesis and Characterizations: 

For the synthesis of Cr2Mo3O12 nanorods on graphene composite, a mixture solution with 

regulated pH value is introduced as the precursor, followed by a one-step hydrothermal 

method. The crystalline phases of the obtained products are firstly identified by XRD in Fig. 

1a. The sharp peaks can be easily indexed to Cr2Mo3O12, which are in good agreement with 

the standard data (PDF 20-0310). Similarly, the pristine Cr2Mo3O12 nanorods without adding 

graphene are also obtained with highly crystalline structure. The morphology and structure of 

Cr2Mo3O12-graphene composites are elucidated by SEM and TEM. The stretched lamellar 

structure of graphene is observed in Fig. 1b. Fig. 1c shows the TEM image of pristine 

Cr2Mo3O12 rods with ~400 nm in length and ~30 nm in diameter. Fig. 1d-e show the 

graphene supported Cr2Mo3O12 composite. A large number of Cr2Mo3O12 rods are uniformly 

distributed and wrapped by graphene nanosheets. Compared with pristine Cr2Mo3O12, the 

Cr2Mo3O12 rods in the composite have no significant morphology change. The EDS spectrum 
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and elemental mapping images for Cr2Mo3O12/graphene rod-on-sheet composites are shown 

in Fig. 1f and Fig. 2. A few elements such as Mo, Cr and C are observed and distributed 

uniformly in the composite, indicating the uniformly graphene-wrapped rod-like Cr2Mo3O12 

nanostructure. The atomic ratio of Cr to Mo is estimated to be ~1:1.6, which is approaching 

the theoretical value of 1:1.5.    

 

The TEM and HRTEM measurements were carried out to provide in-depth information about 

the morphology and structure of the Cr2Mo3O12/graphene rod-on-sheet composites. Fig. 3a-b 

show the TEM images at different magnifications. The Cr2Mo3O12 rods with 200-500 nm in 

length and ~30 nm in diameter are distributed on the graphene nanosheets, which is in 

accordance with the SEM results. As shown in Fig. 3c, the lattice fringe of ~0.38 nm are 

observed, corresponding to the (103) plane of Cr2Mo3O12. Fig. 3d shows the SAED pattern 

consisting of bright spots with (103), (122), (131) and (141) planes. 

 

Fig. 4 shows different XRD patterns of the obtained products when temperature is performed 

at 100 oC and 180 oC for 12 h, respectively. The product appears to be largely amorphous at 

100 oC. When the temperature is increased to 180 oC, several characteristic diffraction peaks 

of the product can be well indexed to Cr2Mo3O12. It is indicated that the crystalline structure 

of the products is closely related to the reaction temperature. Fig. 5a shows XRD patterns of 

the obtained products prepared at 180 oC for 8, 12 and 24 h, respectively. Obviously, there is 

no significant change in the XRD patterns, which can all be indexed to Cr2Mo3O12. 

Nevertheless, the distinct size change in terms of length and diameter can be observed for 

Cr2Mo3O12 as indicated by TEM images in Fig. 5b-d. Most Cr2Mo3O12 nanorods (8 h) are 
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observed with the length less than 200 nm and the diameter larger than 40 nm (Fig. 5b). 

When the reaction time is increased to 12 h (Fig. 5c) and 24 h (Fig. 5d), Cr2Mo3O12 nanorods 

become longer in length and thinner in diameter. The product (24 h) exhibits a diameter less 

than 20 nm and a length around 1µm. It is indicated that the reaction time is another factor to 

affect the size and morphology of the product. Fig. 6a shows XRD patterns of the obtained 

Cr2Mo3O12 nanosheets and Cr2Mo3O12/graphene sheet-on-sheet products when a small 

amount (0.02 g) of CrCl3∙6H2O is used in the hydrothermal reaction at 180 oC for 12 h. These 

diffraction peaks are very similar to Cr2Mo3O12 nanorods and the Cr2Mo3O12/graphene 

rod-on-sheet composite. Sheet-like Cr2Mo3O12 structure (several micrometers in size) with a 

heavy agglomeration is observed in Fig. 6b. Fig. 6c shows SEM image of graphene sheets 

supported sheet-like Cr2Mo3O12. Several elements such as Mo, Cr, O and C are observed in 

the EDS spectrum in Fig. 6d. As shown in the TEM image of Fig. 6e, the sheet-like 

Cr2Mo3O12 with ~500 nm in size can be observed in the presence of graphene nanosheets. 

The thickness of Cr2Mo3O12 nanosheet is estimated to be ~35 nm based on the inset 

cross-section TEM image in Fig. 6f. A clear lattice fringe with a planar spacing of ~0.43 nm 

is observed in Fig. 6g, which can be assigned to the (021) plane of Cr2Mo3O12. 

 

Fig. 7a displays Raman spectra of various Cr2Mo3O12-based composites with characteristic 

D-band at ~1320 cm-1 and G-band at ~1590 cm-1. The D/G intensity ratios of the 

Cr2Mo3O12/graphene rod-on-sheet and Cr2Mo3O12/graphene sheet-on-sheet composites are 

calculated to be 1.45 and 1.42, which are both larger than bare graphene (1.18), indicating an 

increase of disordered domains of graphene after hybridizing. By an elemental analyzer, the 
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graphene contents in the composites can be determined to be ~24.0% and 26.8% for the 

Cr2Mo3O12/graphene rod-on-sheet and Cr2Mo3O12/graphene sheet-on-sheet composites, 

respectively. Nitrogen adsorption-desorption isotherms of Cr2Mo3O12-based composites are 

shown in Fig. 7b-c and their pore size distribution curves are shown in the corresponding 

inset images based on the data of adsorption branch. Specific surface areas (BET) of 139.9 

and 84.7 m2/g for the Cr2Mo3O12/graphene rod-on-sheet and Cr2Mo3O12/graphene 

sheet-on-sheet are evaluated based on the isotherms curves.  

Electrochemical Properties: 

Fig. 8a shows the cyclic voltammogram curve of the Cr2Mo3O12/graphene rod-on-sheet 

electrode. There are two cathodic peaks at ~1.84 and 1.54 V, corresponding to the stepwise 

lithium insertion into the electrode. A broad peak (~0.8 V) can be attributed to the 

decomposition of electrolyte and the formation of the solid electrolyte interface (SEI) film on 

graphene surface. In the anodic scan, a strong and broad peak at ~1.45 V can be ascribed to 

the reversible oxidation reaction of Cr and Mo elements. The low-density peak at ~2.37 V 

may be ascribed to the lithium extraction from Li2MoO4.  Fig. 8b shows the first-cycle 

galvanostatic discharge (lithium insertion) and charge (lithium extraction) curves of graphene, 

sheet-like Cr2Mo3O12, rod-like Cr2Mo3O12, the Cr2Mo3O12/graphene sheet-on-sheet and 

Cr2Mo3O12/graphene rod-on-sheet composites at a current density of 100 mA g-1. Initial 

discharge and charge capacities of Cr2Mo3O12/graphene sheet-on-sheet electrode are 

evaluated to be 1920 and 1140 mAh g-1. In comparison, the Cr2Mo3O12/graphene 

rod-on-sheet composite exhibits slightly larger discharge and charge capacities of 1971 mAh 
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g-1 and 1221 mAh g-1. It is worth noting that the first-cycle reversible charge capacities of 

two composites are both larger than pristine sheet-like Cr2Mo3O12 (931 mAh g-1) or rod-like 

Cr2Mo3O12 (945 mAh g-1).  

 

Fig. 8c shows the cycling performances of various products at a current density of 100 mA 

g-1. Compared with a small reversible capacity of 482 mAh g-1 for rod-like Cr2Mo3O12 and 

296 mAh g-1 for graphene after 50 cycles, the Cr2Mo3O12/graphene rod-on-sheet composite 

exhibits more stable cycling performances. A large reversible capacity of 988 mAh g-1 could 

be still retained after 50 cycles. This may be ascribed to the synergetic effect between 

graphene and Cr2Mo3O12. First, the drastic volume change of Cr2Mo3O12 during cycling can 

be buffered and the restacking of graphene can be prevented effectively in the composite. 

Second, the unique one dimension structure of rod-like Cr2Mo3O12 product and a large 

surface area of graphene nanosheets could help shorten the diffusion distance for mass and 

charge transport.[16-19] In comparison, the Cr2Mo3O12/graphene sheet-on-sheet composite has 

a capacity fading from 1140 mAh g-1 to 721 mAh g-1 after 50 cycles. A small reversible 

capacity of 243 mAh g-1 is observed for pristine sheet-like Cr2Mo3O12. The worse 

electrochemical properties of the sheet-like products compared to the corresponding rod-like 

products may be ascribed to the fact that Cr2Mo3O12 sheets are quite thick based on the 

observations of SEM images (Fig. 6b-c and Fig. 6e-f). A smaller BET surface area is also 

observed for the sheet-on-sheet composite compared to the rod-on-sheet composite.      

 

Moreover, Fig. 8d shows rate performances of various products at various current densities of 
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100, 500 and 1000 mA g-1. When the current density is increased to 500 mA g-1, a charge 

capacity of 786 mAh g-1 can be observed after cycling. Even at a high current density of 1000 

mA g-1, the charge capacity is still as high as 577 mAh g-1. When the density comes back to a 

low current density of 100 mA g-1, the Cr2Mo3O12/graphene rod-on-sheet still maintains 

excellent cycling stability and a high charge capacity of 1009 mAh g-1 can be retained after 

50 cycles. In comparison, the Cr2Mo3O12/graphene sheet-on-sheet composite exhibits slightly 

lower reversible capacities. Reversible capacities of 611 and 452 mAh g-1 are observed at 500, 

1000 mA g-1, respectively. When the current density is changed back to 100 mA g-1, the 

reversible capacity is 758 mAh g-1 after 50 cycles.  

 

The electrochemical impedance spectra of sheet-like Cr2Mo3O12, rod-like Cr2Mo3O12, the 

Cr2Mo3O12/graphene sheet-on-sheet, and Cr2Mo3O12/graphene rod-on-sheet composites are 

shown in Fig. 9. The charge-transfer resistance (Rct) of pristine Cr2Mo3O12 nanosheet is 

determined to be 99 Ω based on the equivalent circuit, which is greatly reduced to 68.5 Ω in 

the sheet-on-sheet composite. The Cr2Mo3O12/graphene rod-on-sheet composite also exhibits 

a much lower resistance of 28.7 Ω than the pristine rod-like Cr2Mo3O12 (90 Ω). In general, 

the Rct values of Cr2Mo3O12/graphene composites are much smaller than those of pristine 

Cr2Mo3O12 due to the presence of highly-conductive graphene. As a consequence, lithium 

diffusion and charge transfer should be facilitated for the graphene supported electrodes, 

which usually result in larger capacity and better high-rate performances. 

 

To optimize the cycling performance for the Cr2Mo3O12/graphene rod-on-sheet composite, 
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the effect of weight ratios of Cr2Mo3O12 to graphene are investigated in Fig. 10. The 

galvanostatic charge-discharge characteristics of Cr2Mo3O12/graphene rod-on-sheet 

composites with different graphene contents are shown in the Fig. 10a. The initial 

charge/discharge capacities are 1014/1648 and 1008/1619 mAh g-1 for Cr2Mo3O12/graphene 

rod-on-sheet composites with 19.4 % and 30.9 % graphene respectively (the graphene 

contents were determined by an elemental analyzer). After 50 cycles, the MoO2/graphene 

rod-on-sheet composites with 19.4 % and 30.9 % graphene show reversible capacities of 507 

and 626 mAh g-1 in Fig. 10b. It can be indicated that the Cr2Mo3O12/graphene rod-on-sheet 

composite with 24 % graphene content is close to the appropriate value of graphene content 

in the composite. A smaller amount of graphene in the composites may lead to the fact that 

the volume change of metal oxides cannot be buffered efficiently by graphene. On the other 

hand, a larger amount of graphene (a smaller amount of Cr2Mo3O12) may cause the heavy 

re-stacking of graphene layers, thus losing graphene’s intriguing properties[24,41].   

 

The XRD tests of the discharged/charged electrodes to selected voltages were performed to 

explore its Li-storage mechanism in Fig. 11. A broad peak (centered at ~25o) can be observed 

for the electrode at various cycling stages, which is due to the presence of the conductive 

agent of carbon black. Obviously, two low-density peaks corresponding to Cr appear when 

the electrode is discharged to 1.5 V. When discharged to 1.0 V, the electrode exhibits another 

small peak appears at ~21o, which can be identified to be Li2MoO4. After a full discharge, no 

any crystalline peaks except for the broad peak for carbon black can be observed. It is 

indicated that the crystalline electrode has been transformed to amorphous phase after the 
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first full discharge. The electrode maintains amorphous structure when charged to 2 V. After 

the first full charge, a peak of MoO3 appears, indicating the conversion storage mechanism of 

the Mo element. The SAED patterns of the electrodes were also obtained to investigate the 

phase change during cycling. The SAED pattern in Fig. 12a comprises several diffraction 

rings indicating the polycrystalline structure. The electrode becomes almost amorphous after 

the first discharge (Fig. 12b). After first full charge, several bright spots with diffuse set of 

rings appear and can be shown in Fig. 12c. The calculated planar spacing of 0.34 and 0.27 nm 

can be assigned to the (002) and (110) planes of MoO3 (PDF 47-1320). These SAED results 

agree well with the observations of XRD patterns. Although there is no obvious evidence of 

the Cr2O3 phase (possibly amorphous) after the full charge, it is suggested that the ternary 

metal oxides (Cr2Mo3O12) largely follow the conversion Li-storage mechanism of 

molybdenum oxide and chromic oxide. This is because if Cr element is not active, the large 

capacity approaching the theoretical capacities of two metal oxides cannot be achieved for 

the Cr2Mo3O12 electrode. Moreover, there is a large lithium-insertion capacity occurred below 

0.3 V for pristine Cr2Mo3O12 nanosheet or nanorod electrode (Fig. 8b). Because the lithium 

insertion into Mo-based electrode usually takes place at higher voltages, the Cr element 

should be involved in the Li-storage reactions of the Cr2Mo3O12 electrode. 

Conclusion 

In summary, unprecedented Cr2Mo3O12-based anode materials were explored in this work. 

Sheet-like and rod-like Cr2Mo3O12 products were successfully prepared with and without 

graphene support by adjusting experimental conditions. Electrochemical measurements 

Page 12 of 31Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



13 
 

revealed that this ternary metal oxide may be a promising anode alternative because the 

Cr2Mo3O12/graphene rod-on-sheet composite can exhibit a large reversible capacity of 988 

mAh g-1 after 50 cycles. A preliminary Li-ion storage mechanism was also explored. 

Although the cycling performance is not very satisfactory, this work may pave the way for 

this new type of Cr2Mo3O12 materials as a high-capacity anode candidate for lithium ion 

batteries.   
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Figure Captions 

Fig. 1 (a) XRD patterns of (i) the Cr2Mo3O12/graphene rod-on-sheet composite and (ii) 
Cr2Mo3O12 nanorods, (b) SEM image of graphene, (c) TEM image of Cr2Mo3O12 nanorods, 
(d-e) SEM images of the Cr2Mo3O12/graphene rod-on-sheet composite at low and high 
magnifications, (f) the EDS spectrum of the Cr2Mo3O12/graphene rod-on-sheet composite.  

Fig. 2 Elemental mapping images of the Cr2Mo3O12/graphene rod-on-sheet composite. C, Cr, 
and Mo elements are distributed uniformly in the composite.  

Fig. 3 The Cr2Mo3O12/graphene rod-on-sheet composite: (a-b) TEM images at different 
magnifications, (c) HRTEM image, and (d) SAED pattern. 

Fig. 4 XRD patterns of the Cr2Mo3O12/graphene rod-on-sheet composites prepared at 100 oC 
and 180 oC for 12 h.  

Fig. 5 (a) XRD patterns of the Cr2Mo3O12/graphene rod-on-sheet composite prepared at 180 
oC for 8, 12, and 24 h. TEM images of the Cr2Mo3O12/graphene rod-on-sheet composites at 
180 oC: (b) 8 h, (c) 12 h, (d) 24 h. 

Fig. 6 (a) XRD patterns of (i) the Cr2Mo3O12/graphene sheet-on-sheet composite (ii) 
Cr2Mo3O12 nanosheets, (b) SEM image of Cr2Mo3O12 nanosheets, the Cr2Mo3O12/graphene 
sheet-on-sheet composite: (c) SEM image, (d) the EDS spectrum, (e) TEM image, (f) the 
inset image showing the cross-section, and (g) HRTEM image. 

Fig. 7 (a) Raman spectra of various products, Nitrogen adsorption-desorption isotherms: (b) 
the Cr2Mo3O12-graphene rod-on-sheet composite, (c) the Cr2Mo3O12-graphene sheet-on-sheet 
composite.  

Fig. 8 Electrochemical performances of various Cr2Mo3O12 based anodes: (a) cyclic 
voltammograms, (b) the first-cycle discharge (lithium insertion) and charge (lithium 
extraction) curves, (c) cycling performance at a current density of 100 mA g-1 (0.1 C), (d) rate 
performances at various current densities of 100, 500 and 1000 mA g-1.  

Fig. 9 Nyquist plots of various Cr2Mo3O12 based anodes. 

Fig. 10 Electrochemical performances of the Cr2Mo3O12/graphene rod-on-sheet composites 
with 19.4 %, 24 % and 30.9 % graphene: (a) the first-cycle discharge (lithium insertion) and 
charge (lithium extraction) curves, (b) cycling performance at a current density of 100 mA g-1 
(0.1 C).  

Fig. 11 XRD patterns of the electrodes obtained at different cycling stages. 
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Fig. 12 SAED patterns of the electrodes obtained at different cycling stages: (a) before 
cycling, (b) after first discharge, and (c) after first charge.  

Page 18 of 31Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



19 
 

 

 

Fig. 1 (a) XRD patterns of (i) the Cr2Mo3O12/graphene rod-on-sheet composite and (ii) 
Cr2Mo3O12 nanorods, (b) SEM image of graphene, (c) TEM image of Cr2Mo3O12 nanorods, 
(d-e) SEM images of the Cr2Mo3O12/graphene rod-on-sheet composite at low and high 
magnifications, (f) the EDS spectrum of the Cr2Mo3O12/graphene rod-on-sheet composite.  
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Fig. 2 Elemental mapping images of the Cr2Mo3O12/graphene rod-on-sheet composite. C, Cr, 
and Mo elements are distributed uniformly in the composite.  
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Fig. 3 The Cr2Mo3O12/graphene rod-on-sheet composite: (a-b) TEM images at different 
magnifications, (c) HRTEM image, and (d) SAED pattern. 

Page 21 of 31 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



22 
 

 

 

Fig. 4 XRD patterns of the Cr2Mo3O12/graphene rod-on-sheet composites prepared at 100 oC 
and 180 oC for 12 h.  
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Fig. 5 (a) XRD patterns of the Cr2Mo3O12/graphene rod-on-sheet composites prepared at 180 
oC for 8, 12, and 24 h. TEM images of the Cr2Mo3O12/graphene rod-on-sheet composites at 
180 oC: (b) 8 h, (c) 12 h, (d) 24 h. 
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Fig. 6 (a) XRD patterns of (i) the Cr2Mo3O12/graphene sheet-on-sheet composite and (ii) 
Cr2Mo3O12 nanosheets, (b) SEM image of Cr2Mo3O12 nanosheets, the Cr2Mo3O12/graphene 
sheet-on-sheet composite: (c) SEM image, (d) the EDS spectrum, (e) TEM image, (f) the 
inset image showing the cross-section, and (g) HRTEM image. 
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Fig. 7 (a) Raman spectra of various products, Nitrogen adsorption-desorption isotherms: (b) 
the Cr2Mo3O12/graphene rod-on-sheet composite, (c) the Cr2Mo3O12/graphene sheet-on-sheet 
composite.  
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Fig. 8 Electrochemical performances of various Cr2Mo3O12 based anodes: (a) cyclic 
voltammograms, (b) the first-cycle discharge (lithium insertion) and charge (lithium 
extraction) curves, (c) cycling performance at a current density of 100 mA g-1 (0.1 C), (d) rate 
performances at various current densities of 100, 500 and 1000 mA g-1.  
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Fig. 9 Nyquist plots of various Cr2Mo3O12 based anodes. 
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Fig. 10 Electrochemical performances of the Cr2Mo3O12/graphene rod-on-sheet composites 
with 19.4 %, 24 % and 30.9 % graphene: (a) the first-cycle discharge (lithium insertion) and 
charge (lithium extraction) curves, (b) cycling performance at a current density of 100 mA g-1 
(0.1 C).  
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Fig. 11 XRD patterns of the electrodes obtained at different cycling stages. 
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Fig. 12 SAED patterns of the electrodes obtained at different cycling stages: (a) before 
cycling, (b) after first discharge, and (c) after first charge.  
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Graphical abstract 

New rod-like and sheet-like Cr2Mo3O12 anodes with and without graphene support are prepared with good Li-storage properties.  

 

New Cr2Mo3O12-based Anodes：：：：Morphology Tuning and Li-Storage Properties  

Lei Guo and Yong Wang* 
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