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ABSTRACT

MoO3 has become a very promising energy storage material owing to its high

theoretical capacity and layered structure. However, MoO3 suffers from low

specific capacitance and fast degradation performance due to pulverization

caused by volume change during discharge and charge process. Here, we report

the MoO3 nanoplates (MoO3 NPs) from Mo-based metal–organic frameworks

(Mo-MOFs) via a facile heating treatment. When used as an anode in sodium-

ion batteries (SIBs), the material showed 154 mAh g-1 superior discharge

capacity at 50 mA g-1 after 1200 cycles. Even at 500 mA g-1, it also showed

217 mAh g-1 high specific capacity after 500 cycles. This specific MoO3 material

design strategy offers suitable conditions for relieving the volume expansion

and provides multiple channels for Na? transport and electron transfer in MoO3

during discharge and charge process. This work highlights the importance of

MoO3 nanoplates in preventing the pulverization caused by volume expansion

in SIBs.

Introduction

Lithium-ion batteries are widespread, but their price

will likely increase due to limited lithium resources

[1]. Thus, it is necessary to find new elements that can

substitute for lithium to reduce costs. Sodium is

abundant with similar electrochemical properties as

lithium [2]. However, the choice of electrode materi-

als for sodium-ion batteries (SIBs) is limited because

of the larger ionic radius of sodium. This leads to

slow Na? kinetic reactions and significant pulver-

ization [3]. Therefore, finding suitable materials with

a stable structure remains a challenge for SIBs.
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Transition metal oxides such as Fe3O4 [4], Co3O4

[5], NiO [6], ZnO [7] and MoO3 [8] have been widely

studied as electrode materials for SIBs because of

their suitable reaction potential with sodium ion and

high theoretical capacity. Of these, MoO3 is an envi-

ronmentally friendly and low-cost anode material

delivering a high capacity (1117 mAh g-1) by inser-

tion and conversion reactions [9]. More importantly,

the layered structure of MoO3 offers insertion loca-

tions and Na? diffusion channels [10, 11]. However,

like most other high-capacity anode materials, MoO3

suffers from a low specific capacitance and fast

degradation performance due to the pulverization

caused by significant dimensional and volume

changes during repeat cycling [12, 13]. To overcome

these problems, MoO3 can be composited with a

protective layer (carbon [14], graphene [15] or glucose

[16]). Researchers have also designed different

nanomorphologies (nanobelt [17, 18], nanoparticle

[19], nanotube [20], nanowire [21] and nanoplate

[13, 22]). In our previous work [16], nanocomposites

composed of MoO3-x and glucose were used as a

lithium anode. These materials facilitate a pulverized

particle reaction in a confined space to ensure elec-

trical contact between the pulverized particles.

Unfortunately, this method does not fundamentally

solve the pulverization problem. However, the

nanomorphology design may fundamentally allevi-

ate the pulverization problem caused by stress. Cur-

rently, the design of nanoplate structures has

attracted much attention in stress relief due to their

great structural flexibility and surface properties

[13, 22, 24]. Wu et al. [13] prepared MoO3 nanoplate

arrays via MoS2 as a template. This material showed

2.1 mAh cm-2 high specific capacity at 0.2 mA cm-2

after 200 cycles in SIBs. Cao et al. [22] reported MoO3

nanoplates within foam-like carbon nanoflakes via

calcining precursor as an anode for lithium-ion bat-

teries. This material delivered 791 mAh g-1 after 100

cycles at 500 mA g-1. The MoO3 NPs were synthe-

sized with a relatively uniform size by MoS2 tem-

plates. However, the use of MoS2 templates generates

noxious gases such as H2S and NH3. This is not

conducive to large-scale commercial production and

is environmentally dangerous. Therefore, the envi-

ronmentally friendly templates are still needed.

Recently, metal–organic frameworks (MOFs) have

received intense interest as self-templates for the

synthesis of material with different morphologies

[24]. Here, we report MoO3 nanoplates (MoO3 NPs)

from Mo-based metal–organic frameworks (Mo-

MOFs) by facile calcination treatment. The MoO3 NPs

can relieve the volume expansion and maintain

structural stability during repeated cycling. To better

illustrate the advantages of the nanoplate structure in

preventing pulverization, MoO3 nanobelts (MoO3

NBs) were synthesized by hydrothermal method for

comparison. When two electrodes were used as an

anode for SIBs, the MoO3 NPs offered a higher dis-

charge capacity of 154 mAh g-1 at 50 mA g-1 after

1200 cycles than MoO3 NBs (49 mAh g-1). To further

investigate the structural stability of MoO3 NPs, the

micromorphology of both electrodes was evaluated

after discharge–charge. This work offers new insight

into the design of structural morphologies that pre-

vent pulverization in anode materials during repe-

ated cycling.

Materials and methods

Preparation of molybdenum-based metal–
organic frameworks (Mo-MOFs)

Mo-MOFs were prepared based on the previous lit-

erature [25]. 3.5 g commercial MoO3 and 1.66 g imi-

dazole were dispersed into 250 mL deionized (DI)

water with string for 10 min. The compound was

refluxed under sequential string at 75�C for 12 h.

After the reaction finished, the white precipitates of

Mo-MOFs were washed and centrifuged several

times with DI water. The white powders were

obtained after drying overnight in air at 60 �C.

Preparation of MoO3 nanoplates

The MoO3 nanoplates (MoO3 NPs) were obtained

from the Mo-MOFs by calcination at 450 �C for 2 h

(air atmosphere) with the heating rate of 5 �C min-1.

In order to study the change process of MoO3 NPs

with the temperature increase, the Mo-MOFs were

heated at 300 �C and 600 �C; followed by the afore-

mentioned process, the products were denoted as

Mo-MOFs-C300 and Mo-MOFs-C600.

Preparation of MoO3 nanobelts

Preparation of MoO3 nanobelts: The MoO3 nanobelts

(MoO3 NBs) were prepared by a hydrothermal

treatment method following our previous report [16].
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In a typical procedure, 2 g ammonium molybdate

((NH4)6Mo7O24�4H2O) was dissolved into 60 mL DI

water to form homogeneous solution with continu-

ous stirring. Then, adding 12 mL HNO3 to the above

solution by dropper. After stirring for 1 h, the

homogeneous solution was transferred into a 100-mL

Teflon-lined autoclave, and the autoclave was placed

in an oven at 180 �C for 24 h. After the reaction fin-

ished, the products were washed and centrifuged by

DI water for several times. The as-synthesized white

products were obtained after drying at 60 �C for 12 h

in an oven.

Characterizations

The microstructures of samples were tested by field

emission scanning electron microscope (FESEM,

JEOL JSM 6300, Tokyo, Japan) and transmission

electron microscopy (TEM, JEOL, JEM-2010F, 200 kV,

Japan). X-ray diffractometer (XRD) measurement of

all samples was taken using a PANanalytic X’Pert

spectrometer with wavelength of 0.15405 nm. X-ray

photoelectron spectroscopy was carried out to con-

firm the chemical state and bonding situations of all

electrode materials (XPS, VG ESCALAB 210 electron

spectrometer). The Brunauer–Emmett–Teller (BET,

Micromeritics ASAP 2020) was used to obtain nitro-

gen adsorption–desorption isotherms and pore size

distribution of all samples. The Fourier transform

infrared spectroscopy (FTIR, Thermo Fisher Scientific

Inc., USA) measurement was taken using KBr as the

dispersant. The micro-Raman spectroscopy mea-

surement was taken with an excitation wavelength of

532 nm (USA, Thermo Fisher Scientific DXR). The

Keithley 4200 SCS and a micro-manipulator 6150

probe station were used to obtain the I–V curves of all

samples.

Electrochemical measurements

The working electrode was made by mixing as-pre-

pared samples, conductive additive (acetylene black)

as well as binder (PVDF) at a weight ratio of 7:2:1 in

N-methyl pyrrolidone (NMP) solvent to form good

fluidity slurry with continuous stirring.

After that, the slurry was coated on the copper foil.

Then, the copper foil with slurry was placed in vac-

uum oven at 90 �C for overnight. After drying, the

electrode films were cut into a 14-mm-diameter disk

with 1–2 mg electrode material on it. The coin cells

(CR2032) were assembled in glove box filled with

argon. The separator is Celgard 3400 microporous

membrane. The electrolyte is 1.0 M NaClO4 with 1:1

ratio ethylene carbonate (EC) and diethyl carbonate

as additive (by volume, Novolyte Technologies,

USA). The electrochemical performance of as-

assembled batteries was tested in an incubator

(25 �C). The performance of cyclic voltammetry (CV)

and electrochemical impedance spectroscopy (EIS)

was tested by electrochemical workstation (CHI 760E,

Shanghai, China). The cycling stability and rate

capability was obtained by battery testing system

(NEWARE).

Results and discussion

Figure 1a shows the synthesis of MoO3 NPs—their

growth changes with increasing temperature. The

MoO3 NPs were first synthesized from Mo-MOFs in a

facile and green way. The micro-rodlike morphology

(Fig. S1a) and XRD pattern (Fig. 1b) of Mo-MOFs are

both consistent with the previous literature and

confirm the successful preparation of Mo-MOFs [25].

After 300 �C treatment for 2 h (Mo-MOFs-C300), the

morphology of Mo-MOFs is destroyed with many

ordered nanorods appearing on the damaged surface;

the structure of MoO3 is gradually formed with

growth of (020), (040) and (060) peaks in the XRD

pattern. The nanoplate morphology (Fig. 2) of MoO3

is complete when the temperature increased to

450 �C, and the XRD pattern of the MoO3 NPs

(Fig. 1b) nicely agrees with the JCPDS (05-0508). The

intensity of (020), (040) and (060) peaks in the XRD

pattern of MoO3 NPs is lower than that of MoO3 NBs

(hydrothermal method), indicating that the MoO3

NBs have stronger anisotropic characteristics than

MoO3 NPs—this may be critical to preparing nano-

plates [26, 27]. It is noted that the intensity of (020),

(040) and (060) peaks in the XRD pattern of com-

mercial MoO3 is also lower than that of MoO3 NBs.

This reveal that the MoO3 NBs also have stronger

anisotropic characteristics than commercial MoO3.

This result may explain that the commercial MoO3 is

not a belt morphology (Fig. S3). At 600 �C, the XRD

patterns (Fig. 1b) show that the product is still MoO3

(named as Mo-MOFs-C600), but the micromorphol-

ogy (Fig. S1c) is not as uniform as with MoO3 NPs (at

450 �C for 2 h). These results suggest that 450 �C is a

suitable temperature to synthesize uniform MoO3
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NPs. Moreover, the (020), (040) and (060) peaks of the

Mo-MOFs-C600 are little discernable shift compared

with the MoO3 NPs (450 �C) (Fig. 1c). This suggest

that there is no causal relationship between layer

spacing and temperature. However, further analyz-

ing the data in Fig. 1c, the (020), (040) and (060) peaks

of the MoO3 NPs are shifted toward lower angles in

comparison with MoO3 NBs, which indicate that

MoO3 NPs have a larger interlayer spacing than

MoO3 NBs. The increscent interlayer spacing offers

more diffusion channels for sodium ions and elec-

trons [28].

XPS was performed to further study the chemical

states of MoO3 NPs (Fig. 3a–d). The XPS survey

spectrum reveals the existence of Mo, O and C

(Fig. 3a). The high-resolution Mo 3d spectrum

(Fig. 3b) revealed two peaks located at 232.80 and

235.94 eV, which is accord well with Mo3d5/2 and

(a)

(b) (c)

Figure 1 a Diagram of MoO3 NPs synthesis process with the

temperature increase and the corresponding FESEM images(inset);

b XRD patterns of Mo-MOFs, Mo-MOFs-C300, MoO3 NPs,

MOFs-C600, MoO3 NBs and commercial MoO3; c selected XRD

pattern insets of the (020), (040) and (060) diffraction peaks that

compare MoO3 NPs, MOFs-C600 and MoO3 NBs, respectively.

(a)

5 μm

(b)

2 μm

2 μm

1 μm

0.5 μm

5 nm

(c) (e)

(d) (f)

d (110)=3.81 nm

Figure 2 FESEM image (a,

b) and TEM images (c, d, e,

f) of MoO3 NPs.
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Mo3d3/2 of the oxidation state (Mo6?) of MoO3 NPs,

respectively. In the O 1s XPS spectrum (Fig. 3c), the

Mo–O bond of MoO3 NPs is deconvoluted with

binding energies at 530.60 eV [29]. It is well known

that carbon can directly enhance the electrical con-

ductivity of the electrode [30]. Moreover, the MoO3

NPs are prepared from Mo-MOFs. Therefore, it is

necessary to identify the C 1s spectrum to confirm

whether carbon exists in the MoO3 NPs. Figure 3d

shows three typical peaks: C–C (284.48, 284.41 eV),

C–O (286.07, 285.9 eV) and C=O (288.62, 288.81 eV)

[31]. Comparing the peak position of the C 1s XPS

spectrum between MoO3 NBs and MoO3 NPs, the

difference in the position of the corresponding peak

is lower 0.2 V, and the atomic percentage of C 1s in

MoO3 NBs and MoO3 NPs is approximate (20.76% vs.

29.12%) (Table S1). Therefore, it is possible that the C

1s of XPS is adventitious carbon. To verify this

hypothesis, FTIR and Raman spectra were also ana-

lyzed (Fig. S4). The FTIR analysis shows that the

spectra of MoO3 NPs and MoO3 NBs are nearly

identical (Fig. S4a). However, what is surprising is

that the Raman spectrum (Fig. S4b) has an incon-

spicuous G-band and D-band of the carbon substrate.

One possible reason for this is that a small amount of

carbon/MoO3 NPs composition may exist in MoO3

NPs. TGA is further analyzed to confirm the carbon

content in the MoO3 NPs (Fig. S4c). The results sug-

gest that the content of carbon and H2O is 0.153%.

Hence, the carbon content can be ignored in the

MoO3 NPs. This reasonably assumes that carbon will

not affect the electrochemical performance of MoO3

NPs.

The electrochemical performance of MoO3 NPs has

been evaluated as an anode for SIBs. Figure 4a shows

the cyclic voltammetry (CV) of the MoO3 NPs within

0.1–3 V. The several reduction peaks observed in the

first discharge vanish in the subsequent scans, sug-

gesting an irreversible conversion reaction at the

MoO3 NPs electrode. There is one clear peak near
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Figure 3 XPS spectra of

MoO3 NBs and MoO3 NPs:

a survey spectrum, b Mo 3d,

c O 1s and d C 1s for MoO3

NBs and MoO3 NPs.
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2.4 V due to the formation of a solid electrolyte

interphase (SEI) and insertion of MoO3 by Na? to

formNaxMoO3 (MoO3 ? xNa? ? x e- ? NaxMoO3).

The peaks near 1.56 V and 1.01 V correspond to

excess sodiation, leading to Nax?yMoO3. The poten-

tial below 0.5 V is due to the formation of Mo and

Na2O (Nax?yMoO3 ? (6 - x) Na? ? (6 - x) e-

? Mo ? 3Na2O) [8, 11, 32]. An anode peak located at

0.668 V is observed in first three charging cycles,

indicating a reversible removal of the sodium ion

[33]. Compared with MoO3 NBs (Fig. S5a), the inte-

gral area of MoO3 NPs is larger than that of MoO3

NBs, suggesting that MoO3 NPs have better electro-

chemical performance than MoO3 NBs. Figure 4b

shows the discharge–charge curves of the MoO3 NPs.

There are several distinct plateaus in the first dis-

charging process. The plateaus disappear in subse-

quent cycles corresponding to the CV curves (Fig. 4a)

[32]. Besides, the discharge capacity of MoO3 NBs are

727, 295, 125, 105, 83 and 49 mAh g-1 at 1st, 2nd,

150th, 300th, 600th and 1200th, respectively (Fig. S5b);

the discharge capacity of MoO3 NPs are up to 1222,

529, 247, 224, 185 and 154 mAh g-1, respectively

(Fig. 4b). According to the calculations, the MoO3

NPs have a higher initial coulombic efficiency than

MoO3 NBs (43.7% vs. 40.35%). Electrochemical

impedance spectroscopy (EIS) was performed to

compare the electrical conductivity and diffusion

dynamics of MoO3 NBs and MoO3 NPs electrodes

(Fig. 4c). Each Nyquist plot includes three parts:

high-frequency semicircle, middle-frequency semi-

circle and low-frequency tail—these correspond to

the sodium-ion migration impedance, charge transfer

impedance and sodium-ion diffusion level, respec-

tively [34]. The first and second semicircles of MoO3

NPs are much small than that of the MoO3 NBs,

suggesting a lower ionic resistance and charge

transfer resistance of MoO3 NPs. Moreover, the MoO3

NPs still have a lower resistance than MoO3 NBs after

one cycle (Fig. S5c). Further I–V tests revealed that

the conductivity of MoO3 NPs is preferable to MoO3

NBs (Fig. S6), which corresponds to the EIS results.

This suggests that the introduction of the nanoplate

structure and the expansion interlayer improves the

conductivity of MoO3. Figure 4e compares the

cycling performance of MoO3 NBs and MoO3 NPs.

The MoO3 NPs electrode delivers 154 mAh g-1 high

discharge capacity after 1200 cycles at a current

density of 50 mA g-1, which is over threefold higher

than MoO3 NBs (ca. 49 mAh g-1). Even at the high

Figure 4 Initial three CV curves of MoO3 NPs: a at 0.1 mV s-1;

b the discharge–charge curves at 50 mA g-1; the Nyquist plots

(c) and the rate capability (d) of MoO3 NBs and MoO3 NPs;

e cyclic performance of MoO3 NBs and MoO3 NPs at 50 mA g-1;

f electrochemical performance comparison of MoO3 NPs in this

work with other MoO3-based anodes previously reported for SIBs.
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current density (500 mA g-1), the MoO3 NPs retain

217 mAh g-1 high discharge capacity after 500 cycles

(Fig. S5d)). Particularly revealing is that the MoO3

NPs also have excellent rate performance at different

current densities (Fig. 4d). More importantly, the as-

synthesized MoO3 NPs have a high capacity and long

cycle life compared with other MoO3-based anodes

previously reported for SIBs (Fig. 4f, Table 1). In

general, a high specific surface area is a key feature to

improve electrochemical performance of electrode

materials. Thus, Brunauer–Emmett–Teller (BET)

analysis (Fig. S7) was performed to confirm whether

MoO3 NPs have a large specific surface area. Unfor-

tunately, the MoO3 NPs have a lower specific surface

area (4.865 m2 g-1) than MoO3 NBs (7.168 m2 g-1)

(Table S2). Therefore, the structural stability of MoO3

NPs is the key to perform excellent electrochemical

performance.

To quantify the kinetics of both samples, scan rate-

dependent cyclic voltammetry (Fig. 5a, b) was used

to evaluate the capacitive contribution (k1v) and dif-

fusion-controlled reactions (k2v
1/2) to the current

response (I) at a fixed potential (V) according to the

following formula [37]:

IðVÞ ¼ k1vþ k2v
1=2;

where v is the scan rate. The pseudocapacitive effects

of the MoO3 NPs are higher than that of MoO3 NBs at

a scan rate of 0.1 mV s-1 (21.9% vs. 16.8%) (Fig. 5c).

As the scan rate increases, the pseudocapacitive

effects of MoO3 NPs further increase up to 55.3% at

1 mV s-1 (Fig. 5d). However, the MoO3 NPs still

show a low pseudocapacitive contribution. It is not

surprising that the pseudocapacitive effects play a

key role for small particles with a high specific sur-

face area [38]. However, the size of MoO3 NPs is a

little large with a low surface area (4.8653 m2 g-1)

(Table S2). Besides, as shown in discharge–charge

curves (Fig. 4b), the MoO3 NPs electrode has several

distinct plateaus corresponding to a lower section of

pseudocapacitive effects [39].

The excellent electrochemical performance of

MoO3 NPs can be explained by the stability of its

electrode morphology during repeated cycles. To

verify that the morphology of MoO3 NPs is more

stable than that of MoO3 NBs during discharge–

charge process, FESEM images of the two electrodes

were compared after battery reactions. Figure 6a, b

shows that the surface of both electrodes suffers from

pulverization due to volume changes after 1 cycle.

However, the microstructure of MoO3 NPs (Fig. 6a) is

clearly not as seriously damaged. After 10 cycles, the

MoO3 NPs electrode retains its nanoplate structure.

Surprisingly, even after 1200 cycles, the complete

nanoplate structure of MoO3 NPs still can be

observed. Except for the structural stability of the

MoO3 NPs itself, the MoO3 NPs stability is also

related to the high structural flexibility and surface

Table 1 Electrochemical performance comparison of MoO3 NPs in this work with other MoO3-based anodes previously reported for SIBs

Electrodes Low rate capacity (mAh g-1) High rate capacity

(mAh g-1)

Cycling performance Reference

a-MoO3 NBs 280 (100 mA g-1) 188 (1000 mA g-1) – [10]

MoO3 NSs 2.1 mAh cm-2

(0.2 mA cm-2)

– 90% after 200 cycles (1 mA cm-2) [13]

MoO3 NSs /

r-GO

208.2 (50 mA g-1) 178.7 (250 mA g-1) – [15]

a-MoO3 MRs 305 (100 mA g-1) 143 (1000 mA g-1) 98% between 20–200 cycles

(100 mA g-1)

[27]

a-MoO3 223.4 (213 mA g-1) 100 (1117 mA g-1) 55% over 500 cycles (558.5 mA g-1) [32]

MoO3-x NSs 139 (50 mA g-1) – – [35]

MoO3-x 176 (50 mA g-1) 79.2 (1000 mA g-1) 92% over 500 cycles (1000 mA g-1) [36]

MoO3 NPs 353 (100 mA g-1) 164 (1000 mA g-1) 63% between 100–1200 cycles

(50 mA g-1)

This

work

MoO3 NBs 232 (100 mA g-1) 95 (1000 mA g-1) 35% between 100–1200 cycles

(50 mA g-1)

This

work

NBs nanobelts, NSs nanosheets, r-GO reduced graphene, MRs micro-rods, NPs nanoplates
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properties of the nanoplate structure. This can buffer

the stress caused by volume changes during repeated

cycles and then prevent pulverization, which even-

tually ensures the structural integrity of MoO3 NPs.

In contrast, the morphology of MoO3 NBs (Fig. 6b)

undergoes a huge change from the 1st to the 10th

cycle, suffering tiny cracks at the 1st cycle, extensive

cracking on the 2nd cycle and disintegration after 10

cycles. These results show that the MoO3 NPs elec-

trode maintains its integrity during repeated cycles

leading to good contact between the electrode and the

copper. This improves conductivity and provides

multiple channels for Na? and electron transport

[40–42]. These features are the keys by which MoO3

NPs exhibit high reversible capacity and long-term

stability.

The ex situ XRD (Fig. 7a, b) and XPS (Fig. 7d)

spectra also provided insight into the electrochemical

reversibility of the two electrodes. At the sodiation

state (0.01 V) (Fig. 7a), the crystallinity of NaxMoO3

(JCPDS 12-0773) in MoO3 NPs is higher than that of

MoO3 NBs, which may be due to the high

transformation of MoO3 NPs electrode during first

sodiation process (MoO3 ? x Na? ? x e - ? Nax
MoO3) (Fig. 7c). Moreover, the higher peak of Na2O

in MoO3 NPs electrode than that of MoO3 NBs elec-

trode is observed. This suggest that more Na? move

in the NaxMoO3 to form Na2O (JCPDS 02-1288) and

Mo (JCPDS 01-1207) (NaxMoO3 ? (6 - x) Na?

? (6 - x) e - ? Mo ? 3Na2O) (Fig. 7c) during the

further sodiation processes. At the desodiation state

(at 3 V) (Fig. 7b), both MoO3 NBs and MoO3 NPs

electrodes appeared weak diffraction peaks of Mo

and Na2O. Moreover, the diffraction peaks of Na2O

in MoO3 NPs are slightly lower than that of MoO3

NBs. We come to the conclusion that higher trans-

formation of MoO3 NPs electrode compared with

MoO3 NBs, according to the conversion reaction

equation: Mo ? Na2O ? NaxMoO3. It is found that

the diffraction peaks of NaxMoO3 in MoO3 NBs are

higher than that of MoO3 NPs. This may be that the

total of as-formed NaxMoO3 is the sum of the Nax
MoO3 during the first sodiation and desodiation

process. The crystallinity of MoO3 phase in MoO3
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Figure 5 Cyclic voltammetry

of MoO3 NBs (a) and MoO3

NPs (b) at different scan rates

within 0.1 and 3 mV s-1;

c capacitive contribution of

MoO3 NBs (inset) and MoO3

NPs at scan rate of

0.1 mV s-1; d comparison of

the capacitive contribution rate

and diffusion controlled at

various scan rates of MoO3

NBs and MoO3 NPs.
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NBs electrode is higher than that MoO3 NPs elec-

trode, which provide more experimental evidence for

low transformation of MoO3 NBs electrode. In addi-

tion, as is shown in Fig. 7d, when desodiation at 3 V,

the fraction of Mo4? (233.2, 230.1 eV) in MoO3 NBs

are higher than the Mo4? in MoO3 NPs electrode

(233.2, 230.1 eV), which indicates that more Na? was

trapped in the MoO3 NBs structure than in MoO3

NPs [43]. This leads to trapped sodium ions that

cannot participate in subsequent cycles. However,

MoO3 NPs can ensure that the embedded sodium

ions are removed more smoothly than MoO3 NBs.

This may be related to the stable structure and

structural integrity of MoO3 NPs during repeated

cycling. Taken together, these results suggest that the

excellent electrochemical performance of MoO3 NPs

is attributed to the high reversible reaction during

repeated cycling.

Conclusions

We report a facile and green synthesis method of

MoO3 NPs from Mo-MOFs. The nanoplate structure

is the result of growth from lower anisotropy. When

used as an anode for SIBs, the MoO3 NPs show

154 mAh g-1 superior reversible capacity at a current

density of 50 mA g-1 after 1200 cycles. This is nearly

three times than that of MoO3 NBs (ca. 49 mAh g-1).

The nanoplate structure of MoO3 NPs can relieve the

stress caused by expansion of volume during dis-

charge–charge process, which prevents pulverization

and keeps the micromorphology stability. This study

has also shown that the high transformation made

contribution to excellent electrochemical performance

of MoO3 NPs. This work offers new insight into the

design of structural morphologies to prevent pul-

verization in other anode materials during repeated

cycling.
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Figure 6 FESEM images of MoO3 NPs (a1, a2, a3) and MoO3 NBs (b1, b2, b3) after 1st, 2nd, 10th, respectively; FESEM images of

MoO3 NPs (a4, a5) after 1200th; schematics of micro-topography degradation in two electrodes during discharge–charge process (c).
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