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Experimental Section
Materials

Cobalt acetate tetrahydrate (Co(CH3;COO),-6H,O, AR), phosphotungstic acid
(H3PW,049'nH,0, PW 5, AR), 2-methylimidazole (C4HeN,, >99%, AR) were purchased from
Alpha Aesar. All of the chemicals were used as received without further purification. All the
reagents were used directly without further purification unless otherwise specified. All deionized

water employed in the experiments was Wahaha ultrapure water.

Synthesis of the catalysts

The PW ,@ZIF-67 was prepared according to the literature method!'l. In brief, a mixture of
cobalt acetate tetrahydrate (950 mg) was dissolved in methanol (20 mL) to form solution A. The
H3;PW,040:'nH,0 (90 mg) was dissolved in water (3 mL), then added it to solution A and
vigorously stirred at room temperature for 15 min. Then 2-methylimidazole (2 g) in methanol
(20 mL) was quickly added, and the resultant mixture became turbid immediately. The solution
was aged at room temperature for 24 h. After that, the powders were collected by centrifugation,
washed by copious water and methanol to completely remove PW,. The solids were dried at 60
°C for 12 h to afford the desired products (denoted as PW ,(@ZIF-67).
Synthesis of WC-Co/N-C

The PW,@ZIF-67 was calcinated at 700 °C for 3 h under N, conditions to form a black
powder, which was washed with water (3 x 30 mL), ethanol solution (3 x 30 mL) and dried at 60
°C for 12 h. The product yield was determined to be 31.8%, calculated as follows: Yield = (Mass

of final WC-Co/N-C product/Mass of PW ,@ZIF-67 precursor) X 100% (corresponding
product mass: 0.318 g).
Synthesis of Co/N-C.
The Co/N-C was prepared according to the literature method[?l.

Preparation and analysis of the LIB anode materials

The as prepared nanocomposites were used as anode materials for LIBs. All
electrochemical performance tests were conducted at Yantai Tayho Battery Materials Technology
Co., Ltd. Electrochemical measurements were performed by using coin-type cells. The electrodes

were constructed by mixing the WC-Co/N-C, carbon black, and poly (vinylidene fluoride)



(PVDF) at a weight ratio of 8:1:1. The loading mass of the active materials (WC-Co/N-C) was 1
mg cm2 on the electrode. This slurry was pasted on the Cu foil. The resulting foil was punched
into small discs and dried under vacuum at 120 °C for 12 hours. The coin cells were assembled
in an argon-filled glove box with the active material as an anode, metallic Li foil as a counter
electrode, and 1 M LiPF¢ solution in ethylene carbonate (EC)/diethyl carbonate (DEC) (1:1) as
the electrolyte. As control experiments, coin cells of Co/N-C were fabricated by the same
method. CV measurements were carried out at a scan rate of 0.1 mV s™! within the range of 0.01-
3.0 V with an electrochemical workstation (CHI 600D). EIS was performed by using a
ZAHNER-elektrik IM 6 electrochemical system over a frequency range from 100 KHz to 10
mHz. The charge—discharge measurements of cells were carried out within a fixed voltage

window of 0.01-3.0 V by using a battery test system (MACCOR 4000) at room temperature 3-1,

Characterization methods

Fourier transform infrared (FT-IR) spectra were carried out on a Thermo 50 infrared
spectrometer using KBr pellet method. X-ray photoelectron spectroscopy (XPS) measurements
were performed using a Thermo Fisher Scientific K-Alpha spectrometer (USA). The XPS
spectra were processed using XPS Peak 4.1 software with Gaussian-Lorentzian (G-L) mixed
fitting functions (Gaussian fraction = 70%). For data consistency, the full width at half maximum
(FWHM) of all deconvoluted peaks was constrained within +0.2 eV. Shirley-type background
correction was applied to eliminate the influence of inelastic scattering before peak
deconvolution!l, X-ray diffraction (XRD) patterns were obtained using a Bruker D8-Advanced
X-ray instrument using a Cu-Ka radiation (A = 1.5405 A). Raman spectra were measured on a
Renishaw Raman spectrometer at a laser excitation wavelength of 532 nm. BET measurements
were performed at 77 K on a Quantachrome Autosorb-1C analyzer. The samples were degassed
at 100 °C for 6 h before the measurements. Scanning electron microscopy (SEM) images
analytical data were obtained using a Zeiss Supra 55 SEM equipped with an EDX detector.
High-resolution transmission electron microscopy (HR-TEM) images were obtained on a JEM
3010 electron microscope equipped with an energy dispersive X-ray (EDX) detector.
Inductively coupled plasma-atomic emission spectrometry (ICP-AES) results were measured by
Thermo Fisher Scientific iCAP 7000. The electrical conductivity of the samples was measured

using a PRCD3100 instrument.
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Figure S1. FTIR spectra of H;PW,04, ZIF-67 and PW ,@ZIF-67, respectively.
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Figure S3. XPS survey spectra of WC-Co/N-C and Co/N-C, respectively.
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Figure S4. EDS elemental mapping data of PW,@ZIF-67.
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Figure S5. Cycling performance of WC-Co/N-C and Co/N-C electrode under 1.0 A g-!.
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Figure S6. Cycling performance of WC-Co/N-C electrodes with different areal loadings at
0.5A-g".



Table S1. Specific area (Sggt) and Pore volume of WC-Co/N-C and Co/N-C, respectively.

Sample \% D] DBJH
(cm?-g )P (nm)* (nm)?
WC-Co/N-C 0.53 8.9 8.4
Co/N-C 0.42 5.7 8.1

aBET specific surface;

bTotal pore volume measured at P/P, =0.99;

°The average pore diameter calculated from the adsorption branch using the 4V/A (where V is total pore

volume and A is Sggr).

4The average pore diameter calculated from the desorption branch of the isotherm using the BJH method,

Table S2. Inductively coupled plasma-atomic emission spectrometry (ICP-AES) and XPS

quantitative analysis results for W and Co contents in WC-Co/N-C.

Analysis Electrode o o o o
method materials N (Wt%) O (Wt%) W (wt%) Co (Wt%)
XPS
quantitative WC-Co/N-C 8.10 4.81 9.80 5.72
analysis
ICP-AES WC-Co/N-C -- -- 12.30 7.69




Table S3. The electronic conductivity of WC-Co/N-C and Co/N-C.

Electronic conductivity

Electrode materials P (MPa)
(S:em™)
4.98 0.55
9.98 0.76
WC-Co/N-C
14.98 0.97
19.98 1.15
4.98 0.47
9.98 0.68
Co/N-C
14.98 0.84

19.98 1.03




Table S4. Comparison of WC-Co/N-C with other reported electrodes as LIBs anode materials.

Electrode materials
MoO,/ZnSe@N-C
Fe,O3/C@NCNT
NaysBigsTiO;
MNC-20

Mo-C, /CNF

Poly(5-
vinylbenzothiadiazole)

L1, 3Zrg sNby ,Clg
MoC,@C

WC-Co/N-C

Current density
(mA g)

2000

1000

100

100

1000

1000

2000

1000

2000

Capacity
(mAhg')

2524

944.7

220.0

255.0

640.0

164.5

127.0

657.0

283.0

Cycles

600

50

200

300

500

100

500

1500
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