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Experimental Section

1.1 Materials characterization

The morphologies of samples were obtained on a Hitachi S-4800 scanning
electron microscope with an accelerating voltage of 15 kV, and high-resolution
transmission electron microscopes (HRTEM) with an accelerating voltage of 200 kV
(JEOL JEM-2010F electron microscope). The element component of MoO,_,@C was
measured by the energy disperse X-ray spectrum (EDS, EDAXTLS). To acquire the
crystal structure of samples, X-ray powder diffraction (XRD) was obtained by Bruker
D8 employing Cu-Ka radiation (1.54056 A) with an operating voltage of 40 kV and a
beam current of 40 mA. The electron paramagnetic resonance (EPR) data was tested by
the Bruker A300. The g-values for each EPR spectrum were extracted from simulations
performed using EasySpin (v5.2.23). The Raman spectra was collected by employing
Raman spectroscopy (Bruker Senterra) with excitation light source of 532 nm. The
surface components and valence states of samples were characterized by X-ray
photoelectron spectra (XPS) (Thermo Fisher Scientific ESCALAB250Xi) employing
Al Ka (1486.6 eV). Thermal stability of the samples was assessed by thermal
gravimetric (TGA, NETZSC-ATA449C) analysis in air at a heating rate of 10°C min.
The specific surface area, pore size and pore volume of the samples were obtained by
Brunauer-Emmett-Teller (BET) methods through N, adsorption-desorption isotherms
(Quantachrome, Autosorb-1Q2). Before testing, all samples were degassed at 300°C for

9 h to remove the moisture and physical adsorbed gases.

1.2 Electrochemical characterization

The anode was fabricated by mixing MoO,_,@C (70 wt%), acetylene black (20
wt%), and polyvinylidene fluoride (10 wt%) dissolved in N-methyl-2-pyrrolidinone,
and then coated on the Cu foil and were finally dried in a vacuum oven at 110°C for 12
h. The average mass loading of the whole electrode is~0.6-1.0 mg cm2. The CR2025
type cells were assembled in a glove box under Ar atmosphere (< 0.01 ppm of oxygen

and water). For lithium-ion batteries (LIBs), it consisted of a prepared electrode, glass



fibers separator (Celgard 2500), and lithium foil as the counter electrode. The
electrolyte was 1 M LiPFs in ethylene carbonate (EC)/dimethyl carbonate
(DMC)/diethyl carbonate (DEC) (1:1:1 by volume) with 5 vol.% fluoroethylene

carbonate (FEC) additive as the electrolyte.

A full cell was assembled using the preactivated MoO,.,@C anode and lithium
cobalt oxide (LCO) cathode with an active materials weight ratio of 1:3 for MoO,_.(@C-
450||LCO. The cathode was prepared by mixing LCO (70 wt%), acetylene black (20
wt%), and polyvinylidene fluoride (10 wt%) dissolved in N-methyl-2-pyrrolidinone,
and then coated on the aluminum foil, which were finally dried in a vacuum oven at

110°C for 12 h.

Cyclic voltammetry (CV) was conducted on a CHI760E workstation (CHI760E,
Chenhua, China) within the potential range of 0.01-3 V. Electrochemical impedance
spectroscopy (EIS) was carried out by using electrochemical workstation (CHI760E,
Chenhua, China) within the frequency range of 100 kHz to 0.01 Hz under open circuit
voltage. The galvanostatic charge/discharge measurements were carried out with a
battery testing system (Land CT2001A, Wuhan, China) in the voltage range of 0.01—

3.0 V at room temperature.

1.3 Calculation of the full battery capacity energy and power densities

The capacity of our full battery is calculated based on the mass of lithium cobalt
oxide (LiCoO,) cathode active material. The theoretical capacity of the material is

calculated as follows:

LiCOOz =xLit + Li(]_x)COOZ

C =nF/3.8M (1)

In this formula n is the number of electrons participating in the reaction F is

Faraday's constant M is the molar mass of LiCoO,. 1 mol of electrons is 96485C,



assuming that the material occurs n electron reaction that 1 mol of active material
electrochemical reaction generated by the amount of electricity is 96485n C. 1 g
electrode material theoretically discharged electricity: 1 mAh = 1x1073 Ax3600 s = 3.6
C, the full battery in the mass of LiCoO, is 2 mg, then theoretically discharged
electricity 2x3.6 C = 7.2 C. Assuming that Li in LiCoO, can be completely removed
then the number of transferred electrons n is 1 and according to the above formula 1,
the specific process can be calculated as 96485x1/(7.2x98) = 136.7 mAh g~!. However,
the actual capacity of the full-battery discharged for the first time is 121.3 mAh g71, so
the number of electrons involved in the reaction is n=(121.3%7.2x98)/96485=0.9. From
the fact that the number of electrons participating in the reaction is 0.9, it can be deduced

that there are 0.9 mol of Li* embedded in LiCoO; in the first discharge.

In full cell tests, the calculations of energy (E, Wh kg™!) and power densities (P,

W kg!) based on the total mass of both anode and cathode materials were performed.

P=AV x i/m )
E =P x t/3600 3)
AV = Vmax - Vmin (4)

In which t (s) is the discharge time, i (A) is the charge/discharge current, m (Kg) is the
total mass of active materials in both anode and cathode, V.« (V) is the discharge
potential excluding the IR drop and V., (V) is the potential at the end of discharge
voltages. where 1 (A) is 54.64 pA, m is 2 mg, Vmax is 4.0833 V, Vmin is 1 V, and the

energy density E is 421.0 Wh kg™! according to Equation 2-4.



Results and discuss
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Fig. S1 Pore size distribution of (a) MoO,.,@C-450, (b) MoO,._@C-CNF-450 and (¢) MoO,.
(@C-PDA-450.

Fig. S2 Wide-angle SEM image of (a) Mo-MI precursor. (b) SEM images of MoO,.
«{@C-CNF. (c¢) TEM images of M0oO,..@C-CNF. (d) SEM images of MoO,_.@C-
PDA. (e) TEM images of M0oO,_,(@C-PDA (f) the HRSEM image of MoO,@C
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Fig. S3 (a) TGA curve of prepared MoO,,@C-450 in air. (b) XRD pattern of the
sample after TGA text of MoO,_,@C-450.

In terms of the TGA curve, the residual weight of the sample after heating to 600 °C is
approximately 65.59 wt.%, which can be attributed to MoO3. Therefore, the carbon content can be
calculated using the following equation:

m (carbon) = 1 — 65.59 ®t.%*M(Mo00O,)/M(Mo0O3) =1 — 65.59 ot.%*128/144 = 41.69wt.%
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Fig. S4 XPS spectra of MoO,@C and MoO,_,@C-350/450/550.
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Fig. S5 XPS spectra of (a)Mo 3d, (b) O 1s, (c) C 1s (M00O,..@C-350), (d) Mo 3d, (e)
O 1s, (f) C Is (M00O,.,@C-550).
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Fig S6 Cyclic voltammetry profiles of MoO,@C.
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Fig. S7 Tafel plots of (a) oxidation and (b) reduction processes for MoO,_,@C-450 and
MOOz@C.
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Fig. S8 Selected discharge-charge profiles of (a) MoO,_(@C and (b) MoO,
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Fig. S9 The cycling performance of MoO,.,@C-350/450/550 and MoO,@C.
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Fig. S10 The cycling performance of MoO,_(@C-450, M0O,_,-450 and C-450.
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Fig. S11 (a) Comparative properties of MoO, ,@C-450 and MoO,@C. (b)

Comparative specific capacity of MoO,@C and the modified materials in other
references.
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Fig. S12 Partial discharge-charge curves for (a) MoO,.,@C-350, (b) MoO,..@C-450,
(c) MoO,.,@C-550 and (d) MoO,@C.
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Fig. S13 The b-values calculated from CV curves.
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Table S1. Comparison of electrochemical performance of MoO,-based anodes.

Current Rate

Remaining Capacity

Electrode Materials (mAh g 1) /Number Ref.
(Agh
of Cycle (n)

MoO,.,@C 5.0 601.4(800) This work
MoO; nanotextiles 0.3 860.4(160) !
MoO,/N-C 0.1 708.0(100) 2
MoO,/C 1.0 480.0(1000) 3
MoO,@C 1.0 669.1(1000) 4
MoO,/N-doped carbon 5.0 531.0(300) >
MoO,/NPC@rGO 10.0 249.5(1000) 6
MoO,@MoS, 0.5 650.0(500) 7
Meso-MoO,/MoP-NBs 1.0 515.0(1000) 8
Mo0O,-Mo,C-C 0.1 1188.0(250) ?
Sb/MoO,@CNFs 1.0 558.0(500) 10
MoO,/Sn/NC@NC 2.0 620.1(1000) i
Li4Ti504,-TiO,/MoO, 1.0 413.0(500) 12
Mo,C-MXene@MoO,@C 0.5 854.5(500) 13




Table S2. Comparison of electrochemical performance of Mo-based anodes.

Current Rate

Remaining Capacity

Electrode Materials (mAh g 1) /Number Ref.
(Agh
of Cycle (n)
MoO,..@C 5.0 601.4(800) This work
Ni/Mo,C/NC 2.0 412.7(1800) 14
MoS,-Mo,C@C 2.0 598.1 15
MoS,/Graphite 1.0C 58.3(300) o
1.5C (1C equals
Mo;Ses@Ti;C, T, 790.8 17
to 670 A g'1)

Mo,CT,/Mo,C 1.0 340.0(1000) 18
B-Mo,C 2.0 72.2(1500) 19
MON-QD/NG 5.0 297.2(300) 20
MoOs/C 0.5 621.0(200) 2
MoO,@Mo,N@C 1.0 652.0(1000) 2
PPy@h-MoO; 0.1 289.0(50) 2
MoS,/SnS 2.0 872.7(300) 24
MogTeg 1.0 436.0 25
Ni;Ses/MoSe,/rGO 2.0 573.3(600) 26
Sn0,/M00;_,/rGO 5.0 450.6(1000) 27
FesMo;08/MoO,@C 5.0 460.6(1000) 28
MoO,-Li;MoO, 0.5 494.1(200) >

Reference
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