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Supplementary Figures and Tables

MXenes@C

MXenes C nanospheres-CTAB
nanospheres

Fig. S1 Digital photographs of MXenes suspension, C nanospheres-CTAB in water, and

MXenes@C nanospheres composites.

Fig. S2 Low magnification SEM image of the Ti3C,T,.
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Fig. S3 SEM image of the carbon nanospheres.

Fig. S4 EDS element mapping images of the Ti;C,T,.

Table S1 Element contents (wt.%) of Ti3C,T, and Ti;C,T,(@C obtained from EDS.

Element (wt%)
Sample
Ti C 0 F
TizC, T, 56.9 19.4 17.6 6.1
Ti;C, T, @C 49.94 29.6 15.89 4.57
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Fig. S5 Galvanostatic charge/discharge curves of the carbon nanospheres at 10 mA g,
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Fig. S6 Comparison of the EIS spectra of Ti3C, T, and Ti;C,T,(@C nanospheres electrodes.
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Fig. S7 EIS spectra of the Ti;C,T,@C electrode after different cycles at 50 mA g-!.

Fig. S8 SEM image of the Ti;C,T,@C nanospheres after 400 cycles at 50 mA g

S5



Migration Path

- O1 @0 ©c Om
Fig. S9 (a, b) Top and side view of Mg ion adsorption on C sites of Ti3C,0,, respectively. (c, d)

The simulated migration path and diffusion profile of Mg ion on the Ti;C,0, surface,
respectively. (e, f) Top and side view of the heterojunction model of Ti;C,0O, and carbon layer,

respectively.

Mg ion is preferentially adsorbed on the top site of C atom of Ti;C,0,, at this site, Mg ion
interacts with three O atoms on the surface, and it will be transported between two stable
adsorption sites along the direction of the arrow. The intermediate state at the top site of Ti atom
is another local stable adsorption position on the surface. And the migration barrier of
magnesium ions is 0.81 eV, suggesting Mg?" has a strong ability to adsorb on the Ti;C,0,
surface. Thus, to simplify the calculation, in this study, we used a heterojunction model of
Ti;C,0, and carbon layer to investigate the interaction between carbon spheres and Ti;C,0; in

reality.
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Fig. S10 SEM images of (a) V,AIC, (b) V,CT,, and (c) V,CT,@C nanospheres. (d) TEM images
of V,CT,, inset is HRTEM image of a typical V,CT, nanosheet. (¢) AFM image and
corresponding height profile of V,CT, nanosheets. (f) TEM image of V,CT,@C nanospheres. (g,

h) EDS element mapping images of V,CT,@C nanospheres and V,CT,, respectively.

Similar to the Ti;C,T, MXene, after etching 72 h at 90 °C, the densely layer-stacked structure
of V,AIC was exfoliated into accordion-like multilayer nanostructure of V,CT, MXene, and the
sandwich-structured V,CT,@C nanospheres composites were obtained through electrostatic

interaction between V,CT, and C nanospheres-CTAB. The V,CT, nanosheets are only few-
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layers thick and the (004) lattice fringes spacing is measured to be 0.25 nm in the high-resolution
TEM image. The thickness of V,CT, nanosheets can achieve as low as 1.5~2.1 nm, as estimated
from direct measurements based on AFM image. TEM image of V,CT,@C nanospheres
indicates that C nanospheres are inserted into the V,CT, layers, in great agreement with the SEM
results. The EDS mapping images of V,CT,@C nanospheres and V,CT, nanosheets reveal the
uniform distribution of V, C, O, F, Na, and Al elements. The corresponding element contents
(Wt.%) are listed in Table S2. The increased C content (9.22 wt.%) confirms that C nanospheres

can be successfully embedded in V,CT, layers.

Table S2 Element contents (wt.%) of V,CT, and V,CT,@C obtained from EDS.

Element (wt%)
Sample
\% C (0] F Na Al
V,CT, 46.1 25.32 1898 7.71  0.73 1.16
V,CT,@C 42.7 34.54 13.14 7.6 0.96 1.06
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Fig. S11 (a) XRD patterns of the as-prepared samples. (b) N, adsorption-desorption isotherms of

V,CT,@C nanospheres and V,CT,.

Compared with the peaks of the starting material V,AlC, a new peak at 7.34° appears after

etching 72 h at 90 °C, and it belongs to V,CT,, this is consistent with the previous results.!-3

However, weak peaks of V,AIC still exist in the XRD patterns. After intercalation of C

nanospheres, the (002) peak of V,CT, shifts from 7.34° to a lower angle of 6.74°, and the

corresponding interlayer spacing increases from ~12.03 A to ~13.13 A. This provides

considerable actives sites and rapid diffusion pathways for Mg?" ions. Furthermore, the specific

surface area of V,CT,@C nanospheres determined from N, adsorption/desorption isotherm

analysis is increased to 96.3 m? g'! compared with the pristine V,CT, MXene (10.6 m? g!), this

is beneficial for a high utilization rate of the active materials.
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Fig. S12 (a) Rate capability of the V,CT, and V,CT,@C nanospheres electrodes, respectively. (b)
Comparison of the galvanostatic charge and discharge curves under different current densities for
V,CT, and V,CT,@C nanospheres electrodes. (c) CV curves of V,CT,@C nanospheres at a
sweep rate of 0.5 mV s!. (d) Cycling performance of the V,CT, and V,CT,@C nanospheres

electrodes at 50 mA g-!.
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Table S3 Comparison of the results in this work with those previously reported for the cathode

materials of rechargeable Mg batteries.

Sample Rate Capability Cyclic Stability Reference
180 mA h g at C/20 at 60°C
) 175.5 mA h g'! at C/10 at 60°C ~85% capacity retention at 4
C-TizS, 171 mA h g at C/5 at 60°C C/10 after 60 cycles
(1C=239mA g
Graphene-like 1 1 95% capacity retention at
MoS, 170mAh g at20 mA g 20 mA g after 50 cycles >
91% capacity retention at
Fluorinated 119 mA h g at 10 mA ¢! lOOmA g! after 30 cycles
Graphene 90 mA h g at 50 mA g’ 89% capi(:lty retention at 5
Nanosheets 50 mA h g at 100 mA g 50mA g gfter 30 qycles
(FGSs) 80% capacity retention at
100 mA g! after 30 cycles
160 mA h g'! at C/20
140 mA h g at C/10 . :
TiS, 90 mri h gfgl ata C/5 82.1% capacity retention 7
(1C=239mA g) at C/10 after 40 cycles
98.2% capacity retention
190 mA h g! at 10 mA g! calculated from the 20th
Nig7sFeoasSe2 120 mA h g at 50 mA g! cycle at 20 mA g after 50 8
cycles
165 mA h g' at 5 mA g'! at 50°C 119 mAhg!at 9
CuS 117mAhg'at 50 mA g'at 50°C 50 mA g after 30 cycles
1042 mA h g at 20 mA g!
87.5mA h gl at 30 mA g! 74% capacity retention at
MoS,/rGO 80 mA h g‘i at 40 mA g'i 20 mA g after 50 cycles 10
76 mAhg'lat50mA g
MoS,/C q 1 70% capacity retention at
microspheres 213 mAhghatS0mA g 50 mA g after 50 cycles 1

S11



CuFe-PBA

MoS,/graphene

Flower-like
CoS

MgCoSiO4

TiS, nanotubes

Ti,C,T,/CTAB

MOSz/Ti3C2Tx

Ti;C, T, @C
nanospheres

50mAhglat0.1 Ag!
45mAhglat02Ag!
40mAhg'at0.5A¢g!
37mAhglatl Ag!

113.8 mA h g'! at 20 mA g'!

125 mA h g'! at 50 mA g!

167mAhg!at0.1C
109 mAhg'at0.2C
86mAhg'at0.3C
40mAhg'at0.6C
(1 C=305.7 mA g")

236 mAhg'atl0mA g'!
193 mA hg'at20 mA g'!
140 mA h g'! at 40 mA g’!

100 mA hg'at0.05A g'!
80mAhglat0.1 Ag!
67mAhglat02Ag!
53mAhglat0.5Ag!
42mAhglatl Ag!
32mAhglat2 Ag!

165 mA h g at 50 mA g!
140 mA h g at 100 mA ¢!
93 mA h g at 200 mA g'!
53 mA hg'!at 500 mA g!

198.7mA hg'at 10 mA g!
183.8 mA h g! at 20 mA g’!
154.8 mA hg'at30mA g!
147.9 mA h g'! at 40 mA g’!
144.6 mA h g'! at 50 mA g’!
137.1 mA h g'!at 100 mA g!
123.3 mA h g'! at 200 mA g!

71% capacity retention at
20 mA g after 50 cycles

85% capacity retention at

50 mA g! after 60 cycles

~96.1 mA hg!at
0.2 C after 15 cycles

78% capacity retention at
0.2 A g'! after 250 cycles

67% capacity retention at
0.2 A g'! after 250 cycles

65% capacity retention at
50 mA g'! after 50 cycles

85% capacity retention at
50 mA g! after 400 cycles
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