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Monodisperse spherical architectures consisting of MoO2 nanoparticles and polydopamine-derived 

carbon matrices are designed and successfully synthesized. X-ray diffraction revealed that the MoO2 

nanoparticles are crystalline state whereas the carbon matrices are amorphous. The hierarchical 

morphology is confirmed by scanning electron microscope and transmission electron microscope. 

Electrochemical characterizations demonstrate that the composite can achieve fast K-ion storage, 

which enable its potential application in K-ion batteries. For optimizing the synthesis condition, 

different calcination temperatures are adopted. The sample synthesized at 500 oC exhibits the highest 

capacity in K-ion storage, as well as the best rate capability. Furthermore, study on the kinetics of 

electrode process reveals that the unique architecture shows significant capacitive behavior, verifying 

the fast K-ion storage capability. 
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1. INTRODUCTION 

 

Lithium-ion batteries (LIBs) have achieved great success in various applications ranging from 

consumer electronics and wireless tools to electric vehicles. Nevertheless, the limited nature of lithium 

mineral reserves hinders the infinite expansion of the manufacture of LIBs[1]. Hence, adequate 

alternatives should be developed. Among the electrochemical energy storage systems, sodium-ion 

batteries (SIBs) and potassium-ion batteries (PIBs) have attracted considerable attentions due to the 

abundant sodium and potassium mineral reserves, as well as the similar electrochemical behaviors to 

LIBs[2-4]. Unfortunately, the lithium storage materials are unable to be directly transplanted into SIBs 

http://www.electrochemsci.org/
mailto:bin@glut.edu.cn


Int. J. Electrochem. Sci., 16 (2021) Article Number: 211216 

  

2 

and PIBs; moreover, the existing electrode materials for Na-/K-ion storages perform much worse than 

those for Li-ion storage caused by the larger radii of Na+ and K+, especially for the K-ion storage 

materials, making them unable to satisfy commercial applications[5]. 

Recently, great effort has been devoted to exploiting transition metal oxides (TMOs) for K-ion 

storage due to their high theoretical capacity and rich sources of raw materials. Among TMOs, MoO2 

(and its derivatives) is considered as a promising material due to its high specific capacity and, more 

importantly, much higher electrical conductivity than other TMOs (~190 S cm-1)[6,7]. However, 

TMOs suffer from significant volume variations during charge/discharge cycles since their reversible 

energy storages are dominated by conversion mechanisms[8]. Many strategies have been proposed to 

suppress the drawback and improve the electrochemical performance, including reducing particle size 

to nanoscale[9], constructing heterojunctions with other compounds[10], combining active materials 

with robust and highly-conductive matrices (e.g. graphene, hard carbon, etc.)[11], and so on.  

Herein we introduce a spherical hierarchical architectures consisting of MoO2 nanoparticles 

and polydopamine-derived carbon matrices as a promising anode material for PIBs. This composite 

exhibits high reversible specific capacity and cyclic stability. Besides, outstanding long-term cycle life 

is achieved at high current density. The effect of synthesis temperature on the electrochemical 

performance is also studied. 

 

 

 

2. EXPERIMENTAL 

For preparation of MoO2/C composite, first of all, 4 g of (NH4)6Mo7O24·4H2O and 1 g of 

dopamine hydrochloride were dissolved in 400 mL of distilled water with stirring. Then 800 mL of 

ethanol was poured into the aforementioned solution with vigorous stirring to form a dark orange 

solution, followed by adding 6 mL NH3·H2O. After stirring for 2 h, the orange Mo-polydopamine 

precipitate was harvested by centrifugation, washed with ethanol and distilled water for several times 

and dried at 70 oC overnight. Finally, the samples were obtained by calcining the Mo-polydopamine at 

350 oC, 500 oC and 700 oC under Ar flow for 2 h. 

The crystallographic structure of the as-prepared sample was determined by X-ray diffraction 

(XRD) using a PANalytical X'Pert Pro X-ray diffractometer. The morphology was observed using 

scanning electron microscope (SEM, FEI Helios Nanolab 600i) and transmission electron microscope 

(TEM, FEI Tecnai G2 F-20, 200 kV). 

CR 2016 coin-type cells were assembled with fresh-made potassium pieces as counter 

electrodes for electrochemical studies. Electrodes were composed of 80 wt% as-prepared sample, 10 

wt% Super P carbon black and 10 wt% sodium carboxymethyl cellulose (CMC-Na) binder. 1 M KPF6 

in 1:1 vol% EC/DEC was used as electrolyte. The cells were assembled in an Ar-filled glove box 

(Braun) with O2 and H2O lower than 0.5 ppm. 
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3. RESULTS AND DISCUSSION 

 

 
 

Figure 1. XRD pattern (a), SEM image (b) and TEM images (c, d) of the MoO2/C synthesized at 500 
oC. 

 

The results of crystallographic and microscopic analyses on the sample synthesized at 500 oC 

are shown in Fig. 1. The peaks in Fig. 1a can be indexed to MoO2 (Tugarinovite, PDF# 01-086-0135). 

Crystalline carbon cannot be identified through this pattern, suggesting that the carbon matrix is 

amorphous. Fig. 1b shows the SEM image of the sample, in which monodisperse spherical 

architectures with an average diameter of 500 nm can be seen. Obviously one spherical architecture is 

composed of numerous nanoplates, thus can be considered as a hierarchical structure. Detailed 

microstructure can be observed from the TEM and high-resolution TEM (HRTEM) results, as shown 

in Fig. 1c and d. It can be clearly seen from Fig. 1c that the hierarchical sphere is composed of MoO2 

nanoparticles (dark discrete dots) and carbon matrix (gray). From Fig. 1d the lattice fringes with a 

spacing of 0.34 nm, corresponding to the (011) facet of MoO2, together with the amorphous region 

(carbon matrix), can be observed. 
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Figure 2. Comparison of initial charge-discharge plots (a), cycling performance (b) and rate capability 

(c) of the samples synthesized at different temperatures, together with the long-term cycling 

performance of the MoO2/C synthesized at 500 oC (d). 

 

 

Fig. 2 shows the electrochemical properties of the as-prepared samples. For comparison, the 

data collected from the ones synthesized at different temperatures is plotted together. As can be seen in 

Fig. 2a, the initial charge-discharge curves were measured at a current density of 0.1 A g-1. The sample 

synthesized at 500 oC delivers the highest reversible capacity of 264.1 mAh g-1. The ones calcined at 

350 oC and 700 oC exhibit initial capacities of 107.2 and 223.7 mAh g-1, respectively. All the samples 

show remarkable capacity loss in the first cycle, which is mainly attributed to the solid-electrolyte 

interphase (SEI) formation. Fig. 2b shows the cycling performance at a current density of 0.2 A g-1 of 

the three samples. Only charge (de-potassiation) capacities are plotted. Before cycling, all the samples 

underwent three charge-discharge cycles at 0.1 A g-1 for activation. It can be seen that the sample 

synthesized at 500 oC has the highest capacity; after 100 cycles it shows a residual capacity of 155.2 

mA g-1, with a capacity retention of 79.6%. By contrast, the ones calcined at 350 and 700 oC only 

deliver 30.3 and 99.5 mAh g-1 at the 100th cycle, with the retentions of 48.8% and 67.5%, respectively. 

In addition, the former also presents strong ability in tolerating high current densities. As displayed in 

Fig. 2c, it delivers a specific capacity of ~89 mA h g-1 at a high current density of 1.6 A g-1. In contrast, 

the latter two only have capacities of ~10 and ~45 mA h g-1 at the same current density, respectively. 

Hence, 500 oC is considered as the optimum temperature for the synthesis of MoO2/C in our 

experiment. To test the long-term cycling performance, the sample synthesized at 500 oC was cycled at 
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2 A g-1 for 2000 cycles. As shown in Fig. 2d, a reversible capacity of ~47 mAh g-1 remains after 2000 

cycles. 

It demonstrated that K ions prefer to adsorb on the surface of MoO2 rather than intercalate into 

the structure[12]. Hence, the active material cannot be fully utilized for K-ion storage, which results in 

low specific capacity. An effective strategy is to design some special architectures which possess 

relatively high specific surface area. In this work, the hierarchical spherical architecture can provide 

high specific surface area for K-ion adsorption. Besides, the carbon matrix acts as a conductive 

network to facilitate the charge transfer. Therefore, this composite exhibits excellent electrochemical 

performance. For comparison, the electrochemical performances in K-ion storage for some other 

MoO2-based materials are listed in Table 1. It can be seen that the as-prepared sample shows 

competitive performance among the similar materials reported in other works. 

 

 

Table 1. Comparison of electrochemical performances between the as-prepared sample and similar 

materials reported 

 

Sample Reversible capacity (mAh g-1) at 

low current density  

Rate capability (mAh g-1) / 

current density 

Reference 

MoO2/C 264.1 at 0.1 A g-1 89 at 1.6 A g-1 This work 

MoO2-rGO ~ 320 at 0.1 A g-1 ~ 0 at 2 A g-1 [12] 

MoO2/rGO 367.2 at 0.05 A g-1 176.4 at 0.5 A g-1 [13] 

MoO2/3DPC 344 at 0.05 A g-1 ~140 at 1 A g-1 [14] 

 

The charge storage behavior of the sample synthesized at 500 oC has been further studied using 

cyclic voltammetry (CV). As can be seen in Fig. 3a, two broad peaks located at 0.65 and 0.26 V are 

observed in the first cathodic scan, associating with the formation of SEI layer and potassiation of 

MoO2, respectively. In the following anodic and cathodic processes, the CV curves do not show 

distinct redox peaks, suggesting that significant capacitive behavior dominates the K-ion storage 

process. The degree of capacitive contribution can be analyzed according to the relationship between 

current response and scan rate[15] 

i=avb=k1v+k2v
1/2 

where a and b are empirical constants that could be obtained by a logarithmic (log) plot of i 

with v (the scan rate). b = 0.5 indicates a battery-type electrochemical behavior, and b = 1.0 implies a 

capacitor-type process[8]. Therefore, the current response (i) at a fixed potential can be separated into 

capacitive (k1v) and diffusion-controlled (k2v
1/2) behaviors. The CV curves swept from 0.2 to 1.0 mV s-

1 are shown in Fig. 3b, which display a similar contour. As shown in Fig. 3c, most b values of the 

cathodic and anodic peaks are identified between 0.6 and 1.0, indicating a capacitor-dominant 

contribution. By calculating the constants k1 and k2, we can distinguish the portions of the current from 

capacitive and diffusion-controlled contributions. The result, shown in Fig. 3d, reveals that the 

capacitive process contributes 72 % of the current response, verifying the fast kinetics in K-ion storage 

of the material. 
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Figure 3. CV curves of the MoO2/C (500 oC) at (a) a scan rate of 0.2 mV s-1 and (b) various scan rates, 

together with the (c) b value distributions and (d) capacitive contribution in the CV curve (gray 

region). 

 

 

4. CONCLUSIONS 

In summary, monodisperse spherical architectures consisting of MoO2 nanoparticles and 

polydopamine-derived carbon matrices have been synthesized and studied as an anode material for 

PIBs. The sample synthesized at 500 oC exhibited the highest reversible specific capacity and cyclic 

stability. Besides, outstanding long-term cycle life was also achieved at a high current density of 2 A g-

1. It was demonstrated that the capacitive behavior could contribute a significant portion to the 

capacity, revealing the reason for the fast K-ion storage. This work has guidance significance to the 

design of molybdenum-based anode materials for PIBs. 
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