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Experimental

Characterizations

The morphology and structures of the samples were characterized by scanning electron
microscopy (SEM, JEOL, JSM-7600F) and field emission transmission electron microscopy
(TEM, JEOL, JEM-2100F) operating at 200 kV. The X-ray diffraction (XRD) measurement
was performed on a Shimadzu XRD-600 instrument with Cu Ka radiation (A = 0.15404 nm)
operating at 40 kV and 30 mA. The Raman spectra are obtained using a 514 nm micro-Raman
spectrometer (Renishaw). The nitrogen adsorption-desorption isotherms and Brunauer—
Emmett-Teller (BET) surface areas were measured using a Micrometrics equipment (Tri-star
IT 3020). The X-ray photoelectron spectroscopy (XPS) characterizations were conducted on a

Theta Probe electron spectrometer (VG ESCALAB200i-XL, Thermal Scientific).

Electrochemical measurements

The electrochemical performances of the 2D MOF-G hybrid electrodes were evaluated in
2032-type coin cells, which were assembled in an argon-filled glove box (MBraun, Inc.) with
the concentrations of moisture and oxygen below 0.1 ppm. Lithium metal was used as the
counter/reference electrode and 1 M LiPFg in ethylene carbonate (EC)/dimethyl carbonate
(DMC) was used as the electrolyte. The working electrode slurries were prepared by mixing
the active material (e.g., NiCo MOF-G), carbon black (Super P), and polyvinylidene fluoride
(PVDF) in a mass ratio of 8:1:1. The homogeneous slurry was then uniformly coated on a
copper foil (12 mm in diameter) and dried at 60 °C under vacuum for 12 h. The loading density

of active materials (e.g., NiCo MOF-G) in the electrodes is ~1.2 mg cm2. Galvanostatic



discharge/charge tests were performed on a Neware battery tester between 0.02 and 3.0 V
versus Li/Li". Cyclic voltammetry (CV, 0.02-3.0 V) tests were conducted on a Solartron
electrochemical workstation. The electrochemical impedance spectroscopy (EIS, 1 MHz-0.1
Hz) spectra were measured using a Zennium Pro electrochemical workstation. The
potentiodynamic EIS (PEIS) spectra were collected on the Zennium Pro workstation while the

battery unit was discharged/charged at a current density of 1 A g



Results and discussion

Table S1. Comparison of the electrochemical properties of MOF-based anode materials.

Anode material zii?zlzlgéﬁ)h g Current density / A g!  Ref.
Mn MOF 607 (400) 0.5 !
Mn MOF 390 (50) 0.05 2
Cu MOF 474 (50) 0.383 3
Mn MOF 494 (500) 1 4
Al MOF 392 (100) 0.0375 3
Fe MOF/rGO 550 (100) 0.1 6
Co MOF/rfGO 639 (120) 0.5 7
Zn MOF 480 (10) 0.5 8
Co MOF 358 (200) 0.1 ?
Co MOF 435 (1000) 1 10
Cd MOF ~380 (10) 1 1
Fe MOF 75 (50) 0.002 12
920 (10) 0.1
736 (10) 0.5 This
NiCo MOF-G 640 (500) 1 work
424 (500) 3
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Figure S1. (a) N, adsorption-desorption isotherm and (b) pore size distribution of the NiCo

MOF-G hybrid. The BET specific surface area (Sggr) of the NiCo MOF-G hybrid is 19 m? g-!.
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Figure S2. (a, b) SEM images, (c) XRD pattern, and (d) Raman spectrum of the 2D NiCo MOF

sample.



Figure S3. (a—d) TEM images of the 2D NiCo MOF sample.
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Figure S4. XPS spectra of the 2D NiCo MOF sample: (a) survey, (b) Ni 2p, (c¢) Co 2p, (d) C
Is, and (e) O Is.

The XPS spectrum in Figure S4a confirms the existence of Ni, Co, C, and O elements in
NiCo MOF. The two peaks at 856.5 and 874.2 eV in the Ni 2p spectrum (Figure S4b) are
assigned to Ni 2ps3,, and Ni 2p; ., respectively. The two peaks at 781.7 and 797.7 eV in the Co
2p spectrum (Figure S4c¢) are ascribed to Co 2p;/, and Co 2p,, respectively. In the C spectrum
(Figure S4d), three fitted peaks at 284.9, 285.8, and 288.6 eV are attributed to C=C, C—C and
0=C-0, respectively. The O spectrum (Figure S4e) shows two fitted peaks at 531.8 and 533.0

eV, which are ascribed to the hydroxyl and chemisorbed water, respectively.
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Figure S5. (a) SEM image and (b) XRD pattern of the 2D Co MOF-G hybrid.
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Figure S6. SEM-EDS mapping images of the 2D Co MOF-G hybrid: (a) SEM, (b) Co, (¢) C,

and (d) O elements.



a o ——CoMOF-G b
ol
=)
2 o
o o
3 7 8 &
. - =
& o 8
2 2
g @
£ g
= =
&
Q
(&)
L i 1 i 1 i 1 i 1 i 1 1 1 1 L 1 1 1
1000 800 600 400 200 0 815 810 805 800 795 790 785 780 775
Binding energy (eV) Binding energy (eV)
S &
2 2
= =
c c
) ]
- -
£ =

29;2 zslno 2;38 zzlas 2tli4 2a|2 538 s:lis 5.;.4 5:;.2 5:;0 séa
Binding energy (eV) Binding energy (eV)

Figure S7. XPS spectra of the 2D Co MOF-G hybrid: (a) survey, (b) Co 2p, (¢) C 1s, and (d)
O Is.

The XPS confirms the presence of Co, C, and O elements in the Co MOF-G hybrid (Figure
S7a). The Co 2p spectrum (Figure S7b) demonstrates two main peaks at 781.9 and 797.8 eV
assigned to Co 2p;/, and Co 2p; ., together with two corresponding satellite peaks at 786.0 and
803.1 eV, respectively. The C spectrum (Figure S7¢) depicts three peaks at 285.0, 288.9, and
290.0 eV, which are assigned to C=C, C—C and O=C-0, respectively. The O spectrum (Figure
S7d) possesses two peaks at 531.9 and 532.7 eV, which are ascribed to the hydroxyl and

chemisorbed water, respectively.
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Figure S8. Electrochemical performances of the 2D NiCo MOF electrode: (a) rate performance

at different current densities of 0.1, 0.2, 0.3, 0.5, 1, 2, and 3 A g'! and (b) cycle performance at

05Ag!
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Figure S9. Electrochemical performances of the 2D Co MOF-G electrode: (a) rate performance
at different current densities of 0.1, 0.2, 0.3, 0.5, 1, 2, and 3 A g! and cycle performance at 0.2

A g and (b) cycle performance at 1 and 3 A g'l.



Figure S10. (a, b) SEM images of the hierarchical 2D NiCo MOF-G electrode on the state of

discharge after 100 cycles.
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Figure S11. XPS spectra of the 2D NiCo MOF-G electrode after discharge: (a) Ni 2p and (b)

Co 2p.
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