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Figure S1 The formation process of freestanding Ti;C,Tx and Ti;C,Tx/CTAB papers

by vacuum filtration method.
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Potential (V) vs Mg/Mg**
Figure S2. Typical CV curve (at a scan rate of 5 mV s') of 04 M

(PhMgCl),-AlICI3/THF (APC) electrolyte using a platinum foil as the working
electrode, two freshly polished magnesium ribbons as the reference and counter
electrodes. The APC electrolyte was prepared by following the steps of the literature

(Advanced Materials 2007, 19, 4260-4267).
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Figure S3. The discharge capacity as a function of cycle number at 0.05 A g_1 for (a)

Ti;C, Ty/CTAB electrode,

(b) TisCyTx and TizC,Ty/SDS electrodes and (c)

CNTs/CTAB electrode. The gray parts were the stabilization (first at 0.02 A g~' for 6

cycles and then at 0.05 A g for 4 cycles) process.

Figure S4. TEM image of Ti;C,Tx flakes. Inset shows the selected area electron

diffraction pattern.
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Figure S5. XRD patterns of powdery TizAlC,, paper-like Ti3C, Ty, Ti3C,Tx/SDS and

Ti;C,Ty/CTAB samples.

a 5

Intensity/a.u.

AAAY Y'Y Y

4

_/

A 1.44 nm

3

4 5 6
2-Theta/Degree

Ti,C,T/DTAB
7 8 9 1

0

(=n
Potential (V vs Mg/Mg*")
> 5

©
o

-
(6]

' '<05 A g/ Ti,C,T/DTAB
\ \|

o
&

6 5I0 160 150 200
Capacity (mAh g™)

Figure S6 a) XRD pattern of Ti3C,Tx/DTAB sample. Inset showing the structure

schematic of DTAB. b) GCD curves of Ti;CoT,/DTAB electrode at the 1% (gray lines),

the 10™ (green lines) and the 100™ (red lines) cycles at 0.05 A g™

Figure S7 Digital image of a water drop on paper-like Ti;C,Tx (a), Ti3C,Ty/SDS (b)

and Ti;C,Tx/CTAB (c). The contact angles were measured to be 58°, 65° and 62°,

respectively.
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Figure S8. Structural schematics of CTAB (a) and SDS (b).
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Figure S9. Energy-dispersive spectroscopies of paper-like Ti;C,Tx (a), TizC,Tx/SDS

(b) and Ti;C,T/CTAB (¢).
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Figure S10. a) N, adsorption-desorption isotherms and b) pore size distribution curve

of Ti;C,Ty/SDS paper.
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Figure S11. XPS spectra of Ti;C,Tx and Ti3C,T,/SDS papers: a) full survey spectra, b)

C Is spectra, ¢) Ti 2p spectra.



Figure S12. Top-view and side-view of O atom adsorbed on Ti3C, surface at top-site

(left), bee-site (middle) and fec-site (right).

i

Figure S13. Top-view and side-view of Mg atom adsorbed on Ti;C,0 surface at

KPP

top-site (left), fcc-site (middle) and bece-site (right).

Figure S14. Top-view of Ti3C; crystal structure.



Figure S15. Diffusion paths of Mg”" on TisC, surface. As labelled in blue arrows,

Mg”* has two diffusion paths, i.e., P1 via top-site of Ti atom and P2 via top-site of O

atom. Our theoretical results showed that P2 changed to P1 after NEB calculations.

Table S1. Adsorption energies (in eV) of O atom adsorbed on Ti3C, surface and Mg

atom adsorbed on Ti;C,0.

Adsorption sites top bee fcc
Ea4s(O/T13C,) -5.41 7.45 -8.16
Eaas(Mg/ T13C,0) -2.39 -2.31 -2.63

Table S2. Bader charger analysis for Mg*" and CTA" on Ti;C,0 surface. Mg was

charged positively, 1.64 electron, in Ti;C,0/Mg*" system and CTA" was charged

positively, 1.04 electron, in Ti;C,O / Mg2+ system, which agree well with experiments.

After intercalated CTA", i.e., in TizC,0/ CTA"/ Mg** system, bader charge of Mg

and CTA" reduced to 1.38 and 0.81 electron, respectively.

Ti;C,0 CTA" Mg*
TisC,0 / Mg** -1.64 1.64
TisC,0 /CTA" -1.04 1.04
TisC,0/ CTAY/ Mg** -2.19 0.81 1.38
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Figure S16. XRD patterns of Ti3C,Tx/CTAB electrode at different GCD states.
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Figure S17. CV curves of the Mg battery using Tiz;C,T,/CTAB cathode at different

scan rates from 0.1 t0 0.9 mV s\,
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Figure S18. a) Separation of the capacitive and diffusion-limited currents. b)
Corresponding dependence of the stored charge by capacitive contribution as a

function of the scan rate.
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Figure S19. Decay of open circuit potential of the Mg battery using Ti;C,Ty/CTAB

cathode.
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