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Fig. S1. TG-DTA curves of the Ni;Sn,/C and Ni;Sn,/C composite in air.
Thermogravimetric and differential thermal analysis (TG-DTA) was conducted in air to
determine the contents of Ni-Sn alloy and carbon in Ni;Sn,/C and NizSn,/C composite, as shown
in Figure S1. The samples are annealed under air to oxidize Sn to SnO,, Ni to NiO, and carbon to
CO;. On the basis of the final weight of NiO and SnQO,, the original content of Ni3;Sn, and Ni;Sn,
are calculated according to the following equations to be 47.2 wt.% and 57.7 wt.%, respectively,

which are in accordance with the design values (Ni;Sn,:C=1:40, mass fraction of NizSn, is 46.3
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%; Ni3Sny:C=1:40, mass fraction of NizSn, is 57.5 %.).
final weight of productx%x M, + final weight of productxgxh

. NiO MSnO
Ni,Sn,(wt%) = - = x100%
initial weight of Ni,Sn,/C composite (S1-1)

final weight of productx%x My, + final weight of productxﬂx&

. 7 M
NiSn, (wt%) = No_ 50 5 100% (S1-2)
initial weight of Ni,Sn,/C composite

In order to verify whether there was residual NaCl in the products after washing, EDS
examination (element mapping of Na and Cl) was conducted, as shown in Fig. S2. The NaCl
template cannot be completely removed even after washing with water. There will be trace Na and
Cl residual in the final products. However, the content of Na and Cl is very little, as shown in the

EDS data (Fig.S2).

M @6
Elements wt%
8 79.47
o 3.95
Na 0.01
Al 0.10

Cl 0.05
Ni 5.06
Sn 11.36

Fig. S2. The SEM and EDS element mapping data of Ni;Sn,/C sample after washing.
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Fig. S3. HRTEM images of Ni;Sn,/C taken from different representative parts.

In order to demonstrate the effect of Ni in the unique nanostructure, we prepared reference
sample of Sn embedded in 3D porous carbon cages and compared its electrochemical performance
with that of the design samples. The reference sample is well-matched with Sn (PDF:65-0296),
and the morphology of reference sample (Sn/C) is very similar with that of Niz;Sny/C and Ni;Sn,/C.
Fig.S4 (c) shows the CV plots of Sn embedded in the 3D porous carbon cages, which is very
similar with the CV curves of Sn/C anode in the literatures!S1S2. What’s more, the cycling
capability of Sn/C, Ni;Sns/C , and Ni;Sn,/C for 100 cycles are compared in Fig.S4(d). The
capacity of Sn/C decreased rapidly with cycling, while the capacity of Ni;Sns/C and Niz;Sn,/C
gradually increased with cycling. When the cells after 100 cycles were disassembled, we found the
active material Sn/C have fallen off the current collector, while the Ni3Sny/C and Ni3;Sn,/C were
adhered firmly to the current collector. This indicates that the Ni in Ni-Sn alloy plays a role to
restrain the volume change and enhance the stability of the composite anode.
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Fig.S4 The reference sample of Sn embedded in the 3D porous carbon cages prepared by the same method.

(a) XRD pattern of Sn/C; (b) SEM images of Sn/C; (c) CV plots of Sn/C; (d) Cycling performance of Sn/C,

Ni;Sny/C , and Ni3Sn,/C for 100 cycles.

The morphology of NizSn,/C electrode after 200 cycles were explored by SEM and TEM,

as shown Fig. S5. It can be clearly seen from Fig. S5 (a,b) (SEM) that the three-dimensional

porous bowl-shaped carbon cages were well kept after repeated cycling. However, the NizSny

nanoparticles cannot be observed because the surface was covered with SEI film. Fig. S5 (c,d)

(TEM) displays that the monodisperse nanoparticles with diameter of 15~30 nm have not

aggregated and still firmly embedded in the three-dimensional porous bowl-shaped carbon cages,

which is very similar to the morphology of the original sample. The SEM and TEM results

demonstrates the stability of the unique structure. In addition, this indicates that there is a strong

interaction between carbon coated NizSny nanoparticles and the three-dimensional porous bowl-
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shaped carbon cages, which is favorable for the cycling stability.

Fig, S5 SEM (a,b) and TEM (c,d) images of Ni;Sn/C anode after 200 cycles.

To demonstrate the fast transmission of lithium ion in the unique Ni;Sny/C nanostructure,
cyclic voltammetry of cells made of Ni3;Sn,/C under different scanning rate (0.2 mV s,0.4 mV s
1,0.6 mV s71,0.8 mV s7',1 mV s") were performed. The CV plots were shown in the following and
supplementary information (Fig. S6), the diffusion coefficient of lithium ion was calculated via
the CV plots according to Randles-Sevcik equation at room temperature.

Randles-Seveik equation: [, =0.4463zFA(zF / RT)"*C,D"*v"”
At room temperature: [, = 2.69x 10°n?4D,,*0"*C,

in which n is the number of electrons per reaction species (for Li* it is 1), A is the area of the
electrode, the radius of electrode is 5 mm, so the area is 0.785 cm?; and C, is the bulk
concentration of the Li* ion in the electrode (mol cm3). Dy;is the diffusion coefficient of Li in the
electrode; At very slow scan rate, the peak current (i) varies linearly with the scan rate (v), as

shown in Fig. S6(b) , i, is proportional to v’2. From the slope of the linear fit, we have calculated
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the diffusion coefficients Dy; corresponding to electrochemical lithiation reactions to be 2.45 x
1077 cm? s71. The diffusion coefficient is higher than those in nano-sized Sn (8x107% cm?/s) and

Sn/CugSns composite thin film electrode (1.91 X 1077 cm?/s) 133 34, Thus, the Ni3;Sny/C composite

anode has better rate capability and cycle performance.
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Fig. S6 (a) Cyclic voltammograms of Ni;Sny/C for various scan rates; (b) peak current Ip as a function of square

root of scan rate v!/2,
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Fig. S7 (a) Nyquist plots of NizSn,/C and Ni;Sns/C electrodes before cycling and the corresponding equivalent
circuit (embedded in); (b) Nyquist plots of Ni;Sn,/C and Ni;Sns/C electrodes after 200 cycles.

R is the electrolyte resistance, Ry is the resistance of the surface film (including SEI film
impedance), R is charge-transfer resistance, Z, is the Warburg impedance related to the diffusion
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of Li* into the bulk electrodes and CPE represents the constant phase element.

Table S1 Kinetic parameters of the electrodes of Ni;Sn,/C and Ni;Sn,/C composite before cycling.

Samples Re (Q) R ()
before cycling 32.8 116.8
Ni3S1’12/C
after 200 cycles 36.5 73.5
before cycling 17.4 64.8
Ni3Sny/C
after 200 cycles 26.2 38.8

Table. S2 Initial capacity, cycle performance and rate capability of Ni3Sn,/C, Ni3;Sn,/C and some representative

Ni-Sn alloy anodes in literatures.

15t charge capacity

Cyclic Properties

Rate capability

) ) Capacity/current Current density:
Materials Capacity/rate ) ) Reference
density/cycles Capacity
(mAh g /A g™
(mAh g1 /A g l/cycles) (A g mAh g?)
1: 577
Ni;Sny/C 735/0.1 740 /0.5/100 This work
2: 496
NizSny@reduced 0.8: 422
874/0.1 554/0.1/200 S5
graphene oxide 1.6: 300
1: 248
Sn@Ni;Sny/C 564/0.2 410/0.2/800 S6
2: 220
Ni—Sn Intermetallic 0.6: 311
464/0.1 399/0.1/400 S7
Microcages 1.3: 267
2D 1.14: 314
) 531/0.114 585/0.114/100 S8
Ni;Sn,@C@PGC) 2.28: 188
3D Ni-Sn nanowire 0.45: 450
580/0.05 450/0.1/50 S9
networks 2.2: 380
3D porous Ni-Sn
800/0.025 501/ 0.05/50 — S10
alloy
Ni—Sn
0.75: 300
Nanostructured 500/0.4 500/0.4 /200 S11
2: 200
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