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Rose-like Bi2MoO6 microsphere has been successfully prepared by a typical hydrothermal method, and 

it is the first time that the material of this morphology has been studied for its electrochemistry properties. 

The rose-like microsphere with a mean a hierarchical structure is composed of plenty of nanoplates [1], 

and possesses an excellent specific surface area (SBET) of 63 m2/g and total pore volume (Ttot) of 0.2336 

cm3/g. As an electrode material for supercapacitor, it delivers a large specific capacitance of 828 F/g at 

1 A/g, and displays a good rate performance which the 84% capacitance can be hold as the current 

density increases tenfold [2], exhibits good cycle stability with the capacitance retention of about 57.04% 

over 1000 repeated charging/discharging process at 10 A/g. The desirable electrochemical performance 

may be related to the synergistic effect of rose-like microsphere structure and porous structure. These 

results demonstrate that rose-like Bi2MoO6 microsphere is a promising electrode material for high 

performance supercapacitor [2]. 
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1. INTRODUCTION 

Nowadays, with the increasing challenge of energy crisis and environmental pollution, 

sustainable and green energy storage and conversion systems are emergently demanded [1, 2]. Among 

the novel energy storage devices, supercapacitor has attracted more and more attentions due to its various 

merits, such as higher power densities, superior rate performance, longer cycle life and no memory effect 

[2-5]. Pseudocapacitor, one kind of the supercapacitor, stores energy by the Faradic reaction occurred at 

the surface or near the surface regions of the electrode materials [6]. Thus, the electrochemical 

performance of pseudocapacitor mainly counts on the electrode materials adopted [7]. And considerable 

efforts have been made to design/fabricate advanced faradaic electrode materials with high 

electrochemical performance, such as transition metal oxides/hydroxides and conducting polymers [8-

11]. However, for most of the bulk pseudocapacitance electrode materials, only the surface regions can 
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be made full use to produce capacitance, resulting in poor electrochemical performance [12]. Luckily, it 

was reported that nanostructured materials with hierarchically porous structures can introduce new 

reactions, increase the active materials/electrolyte contact areas, shorten the path lengths for electrolyte 

ions and electrons, and suppress the pulverization during electrochemical reaction process [13-15]. 

Therefore, to gain excellent electrochemical performances, the nanostructured materials with 

hierarchical porous structure are more essential [12, 16].  

Bi2MoO6, one of the Bismuth-based materials, is generally regarded as one of the promising 

electrode material, due to its stable crystal structure, easy fabrication, nontoxicity and moderate band 

gap [16]. Recently the application of Bi2MoO6 nanomaterials has expanded into the field of energy 

storage, especially supercapacitors. However, they still suffer from low specific capacitance under high 

current density and poor cycle stability, which is a hindrance to its practical application [17]. Therefore, 

more effort is needed to improve related performance, and it is meaningful to synthesize 

Bi2MoO6 materials with excellent specific surface area (SBET) to further enhance the electrical 

performances. To the best of our knowledge, the rose-like Bi2MoO6 microsphere with a hierarchical 

structure has been rarely reported, and the electrochemical properties has been also rarely studied [16-

18]. 

In this context, rose-like nanostructured Bi2MoO6 with microsphere with hierarchical structure 

has been successfully prepared and first used as electrode material for supercapacitor. Finally, the 

samples exhibited superior electrochemical performance for supercapacitor.  

 

 

 

2. EXPERIMENTAL 

2.1. Preparation of rose-like Bi2MoO6 microsphere 

Bi2MoO6 microsphere was prepared by a typical procedure according to the literature [13]. 

Specifically, Bi(NO3)3•5H2O (2 mmol) and Na2MoO4•2H2O (1 mmol) were added into 10 mL of 

ethylene glycol in sequence with sonication and vigorous magnetic stirring for 15 min. Afterwards, 25 

mL ethanol was slowly poured into the above solution with constant stirring for 15 min [19]. Finally, 

the hybridized solution was hydrothermal treated at 160℃ for 12h [16]. The solid product was filtered 

and rinsed with deionized water and ethanol for several times, and then the product was obtained by 

drying at 60℃ under vacuum overnight.  

 

2.2. Characterization of Bi2MoO6 microsphere  

X-ray diffraction (XRD) pattern was performed on a Rigaku Smart-Lab X-ray diffractometer at 

a scan rate of 10 ℃/min. X-ray photoelectron spectroscopy (XPS) was recorded by Thermo escalab 

250Xi. The morphology of Bi2MoO6 was obtained by scanning electron microscope (SEM, JSM-

6390LV, JEOL) and transmission electron microscopy (TEM, Philips Tecnai-12). Nitrogen adsorption-

desorption isotherm was measured to characterize the pore structure parameters using a Quantachrome 

Autosorb-iQ-MP analyzer at 77 K. 
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2.3. Electrochemical measurements  

The working electrode was fabricated by mixing Bi2MoO6, acetylene black and 

polytetrafluoroethylene at a mass ratio of 8:1:1 with N-methylpyrrolidinone as solvent homogenously 

[20]. The slurry mixture was then coated onto the nickel foam substrate and dried at 80 ℃ overnight 

under vacuum. Three-electrode cell assembled with a working electrode, a platinum foil counter 

electrode, Hg/HgO reference electrode and 6 M KOH solution as electrolyte was used for evaluating the 

electrochemical performance of the Bi2MoO6 array, and the active material mass loading of the single 

electrode is about 4.32 mg [21]. All the electrochemical measurements, such as galvanostatic 

charge/discharge (GCD), cyclic voltammetry (CV) were recorded with the electrochemical working 

station (CHI 660e). The single specific capacitance of the electrode was calculated from the following 

equation [22] (1): 

)/()( VmtImC =                                   (1) 

Where Cm is the gravimetric capacitance (F/g), I is the constant current (A), m is the mass (g) of 

the active material, t is the discharge time and V is the voltage window.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Microstructure and morphology characterization 

XRD measurement has been carried out to characterize the crystal structure of Bi2MoO6 sphere. 

As exhibited in Fig. 1a, several clear and sharp diffraction peaks are observed, which agrees well with 

the literature [13]. XPS has been used to confirm the element composition of Bi2MoO6. Fig. 1b shows 

that the elements of Bi, O, Mo and C can be clearly observed. As observed in Fig. 1c, two peaks centered 

at the binding energy of 158.8 eV and 164.2 eV can be assigned to the Bi 4f7/2 and Bi 4f5/2 of Bi3+ [23-

25]. The Mo 3d spectrum in Fig. 1d demonstrates that the two peaks located at the binding energy of 

231.9 and 235.3 eV corresponds to Mo 3d3/2 and Mo 3d5/2 of Mo6+, respectively. The two peaks in Fig. 

1e may be related to the Bi-O bond and oxygen bonded to the adventitious carbon species [26]. The 

results above both demonstrate that Bi2MoO6 has been successfully prepared. 
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Figure 1. XRD pattern (a) and XPS spectra of Bi2MoO6: (b) survey, (c) Bi 4f, (d) Mo 3d and (e) O 1s. 

 

SEM and TEM have been used to observe the micromorphology of the Bi2MoO6. As clearly 

observed from Fig. 2a, the as prepared Bi2MoO6 exhibits rose-like microsphere structure with the mean 

diameter of about 1μm. From Fig. 2b, it can be observed that the sphere is constructed of plenty of 

nanoplates. Fig. 2c-e further shows the sphere structure of Bi2MoO6, which is composed of nanoplates. 

Moreover, the selected-area electron diffraction (inset in Fig. 2e) further indicates the polycrystalline 

nature of Bi2MoO6 [20]. The nitrogen adsorption-desorption isotherm and pore size distribution curve 

are demonstrated in Fig. 3. The obvious hysteresis loop reflects the mesoporous structure of Bi2MoO6, 

which may be ascribed to the space between nanoplates. Meanwhile, the pore size distributes from 2 nm 

to 25 nm. The SBET and Ttot of Bi2MoO6 microsphere are 63 m2/g and 0.2336 cm3/g, respectively. The 

nanostructured microsphere with porous structure may be beneficial to the enhancement of 

electrochemical performance of Bi2MoO6. 
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Figure 2. SEM images (a-b) and TEM images (c-e) of the Bi2MoO6. 
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Figure 3-a. N2 adsorption-desorption isotherms of carbon materials; b. Pore size distribution of carbon 

materials. 

 

3.2. Electrochemical characterization 

To characterize the electrochemical performances, the as-prepared Bi2MoO6 microsphere has 

been investigated as an electrode material in a three-electrode system using 6 M KOH solution as 

electrolyte [24]. Fig. 4a depicts the CV curves of Bi2MoO6 measured at a series of scan rates of 10~80 

mV s-1 in the potential window of -1.0~0 V. The obvious redox peaks can be observed at various scan 

rates and the similar shape can be almost retained even at the high scan rate of 80 mV/s, which indicates 

the excellent rate property of Bi2MoO6 as electrode material [27]. 

Fig. 4b manifests the GCD curves of Bi2MoO6 as electrode material during the current density 

of 1~10 A/g. The obvious horizontal charge-discharge potential plateaus suggest the existence of Faradic 

reaction. The Cm of Bi2MoO6 is as high as 828 F/g at 1 A/g, which is higher than that of hierarchical 

nanosheet-based Bi2MoO6 nanotubes (171.3 F/g, 0.585 A/g) [26], Bi2O3/activated carbon composite 

(466 F/g, 1 A/g) [27] and ultrathin Bi2O3 nanowires (691.3 F/g, 2 A/g) [28]. As shown in Fig. 4c and 

Table.1, the Cm values present a decreasing trend as the current density increases. But the specific 

c 
d 
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capacitance can still maintain 696 F/g at 10 A/g with the rate performance of 84%, which is 34% over 

γ-Bi2MoO6 nanoplates (519 F/g at a scan rate of 2 mV/s) [29] and about 200% greater than Bi2MoO6 

hollow microspheres (146F/g at 5A/g) [30], demonstrating the outstanding rate capability.  

The cycling performance is shown in Fig. 4d. The long-term cycles of Bi2MoO6 as electrode 

material has been evaluated by continuous GCD test up to 1000 cycles at 10 A/g. The capacitance 

retention is 57.04% over 1000 repeated charging/discharging process. The excellent electrochemical 

performance may be ascribed to the nanostructured microsphere assembled with plenty of nanoplates 

and porous structure of Bi2O2CO3. 
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Figure 4. CV curves of Bi2MoO6 as electrode material at different scan rates (a); Charge-discharge 

curves of Bi2MoO6 as electrode material at different current densities (b); Current density versus 

specific capacitance (c); Cycle performance of Bi2MoO6 as electrode material at 10 A/g (d). 

 

 

Table 1. Specific capacitances of Bi2MoO6 as electrode material at different current densities 

 

Samples 

Specific capacitance/(F/g) 

1 

/(A/g) 

2 

/(A/g) 

4 

/(A/g) 

6 

/(A/g) 

8 

/(A/g) 

10 

/(A/g) 

Bi2MoO6 828 782 711 703 708 696 

 

 

 

4. CONCLUSIONS 

In summary, rose-like Bi2MoO6 microsphere has been synthesized by a typical hydrothermal 

method, which with an average diameter of about 1μm, is assembled of nanoplates. It possesses porous 
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structure with the SBET of 63 m2/g and Ttot of 0.2336 cm3/g. When used for supercapacitor, it obtains a 

high Cm of 828 F/g at 1 A/g, displays a good rate performance (84%,1~10 A/g), exhibits good cyclability 

with the capacitance retention of about 57.04% during 1000 repeated charging/discharging process at 10 

A/g. The rose-like Bi2MoO6 microsphere is a promising electrode material for supercapacitors. 
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