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Fig. S1 Schematic diagram for synthesis of multilayer Nb,C7, MXene.
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Fig. S2 Powder XRD pattern of as-prepared Nb,AlC. The asterisks indicate Nb;Al,C

as a secondary phase in the as-prepared Nb,AIC MAX phase.
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Simple hexagonal Nb,CO,
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Bernal Nb,CO,
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Fig. S3 Simulated XRD patterns of simple hexagonal and Bernal stacked Nb,CO,.

Fig. S4 SEM images of Nb,AIC with different magnifications.
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Fig. S5 (a) SEM image, and (b) statistical size distribution histogram of Nb,CT7.
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Fig. S6 Nitrogen adsorption/desorption isotherms of (a) Nb,AIC and (b) Nb,CT7,. The

BET specific surface areas of Nb,AlC and Nb,CT, are 4.5 and 3.8 m? g~!, respectively.
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Fig. S7 Cross-sectional microstructure of Nb,CT.,.
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Fig. S8 Raman spectra of Nb,AIC MAX phase and Nb,C7, MXene. The asterisks

indicate the Raman bands of Nb,Os existed on the surface of Nb,CT,.
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Fig. S9 'F NMR spectrum of Nb,C7 collected at 14 T under 12 kHz magic-angle

spinning.
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Fig. S10 (a) The operating voltage of Nb,C7, at different cycle. (We evaluated the
average voltage of Nb,C7, using the equation: E = Q V,,,, where E is energy density,
V,, is operating voltage, and Q is reversible capacity.!) (b) Charge/discharge curves of
Nb,CT, at various rates. (c) Rate performance of Nb,C7, at various rates. (d) Long-

term cycling performance of Nb,CT7 at a rate of 1C.

S6



c

a
48000 120001
36000
ettty T 6000 300 V.
2 12000 3. 2
> 0 =
2 z
S 140001 &
2 £ 20
7000
i 120" °

Intensity (a.u.)

290

285

Binding energy (eV)

280

212

208

204

200

Binding energy (eV)

75000+

50000+

£y
7 1N
250001 300V K

120000+

80000+

i
40000 j
005V~
0

0.38 eVﬁ

O1s

ey

A\

0

O1s

530 52

54 535

Binding energy (eV)

Fig. S11 Ex situ XPS high resolution spectra of C 1s, Nb 3d, and O Is at state of full

lithiation (0.05 V) and full delithiation (3.0 V).
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Fig. S12 Cell voltage dependence of XRD patterns of Nb,CT,. Note that the peaks are
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Fig. S13 Change of FWHM for Nb,CO, during the discharge and charge process.
FWHM is the abbreviation of full width at half maximum.
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Fig. S14 Comparison of the volume expansion of the Nb,CT, with previously reported

intercalation anode materials?$.
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Fig. S15 (a) XRD pattern of the as-prepared LiFePO, product. SEM image (b), TEM
images (c, d) of LiFePO,/C material.
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Fig. S16 (a) First charge and discharge profiles of the half cell with LiFePO, cathode

composites at a rate of 0.1 C (1C =170 mAh g'). (b) Rate performance of the LiFePO,
cathode in the half cell.
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Table S1. Nb 3d core level peak analyses. Each peak corresponds to a specific type of
niobium: Nb—C, C—Nb-0O, or Nb—O. Nb 3d core level was fitted with a fixed area ratio
of 3:2 for all Nb 3d5/2—-Nb 3d3/2 and doublet separation of 2.8 eV for Nb—-C, 2.8 eV
for C-Nb-0, and 2.8 eV for Nb—O.

Fraction (%)

Sputtering time Nb-C C-Nb-O Nb-O
202.7+0.1 eV 206.0+0.1 eV 207.0 eV
0s 39.8+4.9 40.1+4.9 20.1+4.9
60 s 72.6£6.9 27.4+6.9 -
120 s 77.1£7.9 22.9+7.9 -

Table S2. O 1s core level peak analyses. Each peak corresponds to a specific type of
oxygen: Nb—O, C-Nb—O or H,0,4s.

Fraction (%)

Sputtering time Nb-O C-Nb-O H,0,4 C-0O
530.1 eV 531.2+0.2 eV | 532.5+£0.2 eV 533.34+0.1 eV

0s 35.443.3 39.0+£3.3 11.4+3.3 14.2+3.3
60 s - 84.8+4.7 6.8+4.7 8.4+4.7
120's - 75.4+4.1 15.4+4.1 9.2+4.1
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Table S3. C Is core level peak analyses. Each peak corresponds to a specific type of

carbon: Nb—C, C—C, C-O or O—C=0.

Fraction (%)

Sputtering time Nb-C c-C C-0 0-C=0
282.4+0.1 eV 284.6 285.5+0.1 eV 288.4 eV
0s 10.6+4.0 58.0+4.0 13.8+4.0 17.6+4.0

60 s 23.443.4 60.5+£3.4 16.1+3.4 -

120 s 27.34£3.7 72.7+£3.7 - -

Table S4. Summary of atomic composition in the Nb,CT,.

Element Atomic fraction (%) Error (%)
Nb 34.67 7.14
17.73 2.99
39.37 10.21
7.64 1.98
Al 0.59 0.15

Table SS. Bader charge of the elements in Nb,CO,Li, and Nb,CT7, with different

terminated groups.

Bader charge
Nb C o Li F H
Nb,CO,Li, 1.59 -1.77 —-1.55 0.84 — —
Nb,CF, 1.65 -1.80 - - —-0.75 —
Nb,C(OH), 1.66 -1.82 -1.31 - — 0.55
Nb,CO, 2.04 -1.75 -1.16 - - —
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