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Fig. S1 Cross-sectional SEM image of the SnCl;-Na electrode before cycling and the

corresponding EDS elemental mapping of (b) Cl and (c) Sn.



Fig. S2 Optical photo of (a) SnCl,-Na electrode before cycling. (b, c) SEM images of the

SnCl,-Na electrode before cycling.
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Fig. S3. (a) Sn 3d, (b) Cl 2p and (c) O 1s XPS spectra of the SnCl,-Na electrode after 2
min Ar cluster ion sputtering. (d) Sn 3d, (e) Cl 2p and (f) O 1s XPS spectra of the SnCl,-
Na electrodes after 2 min Ar sputtering. (g) XPS Na 1s spectra of SnCl,-Na electrodes
before cycling. (h) Na 1s and (i) C 1s XPS spectra of SnCl,-Na electrode before cycling.

(sputtering times are shown in the columns).

The Na 1s spectra of SnCl,-Na electrode at ~1072.1 eV and ~1070.6 eV are assigned
to NaCl and Na,0.% 2 For SnCl,-Na electrode, the Na 1s spectra are deconvoluted into
four peaks at ~1070.9 eV (Na,0), ~1073.7 eV (Na;0,), ~1072.5 eV (NaCl) and ~1071.7
eV (RCH,0ONa and ROCO;,Na),?>* and peaks at ~284.8 eV, ~286.5 eV and ~288.2 eV in C

1s spectra belong to C-C, C-O and 0-C=0.2
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Fig. S4 (a) C 1s, (b) O 1s and (c) Na 1s XPS spectra of the DGM-Na electrode.
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The XPS spectra of DGM modified Na metal electrode (DGM-Na electrode) are

collected in Fig. S4. In O 1s spectra, the reaction between Na and DGM results in the

formation of ROCO,Na (531.1 eV), RCH,ONa (532.0 eV) and Na,O (530.0 eV). These

constituents (ROCO,Na and RCH,0Na) are similar to the organic species of SEI layer

on the SnCl,-Na electrode, demonstrating that the formed artificial protection layer

on SnCl,-Na electrode surface is attributed to the heterogeneous reaction among Na

metal, SnCl, and DGM solvent.
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Fig. S5 XRD patterns of (a) SnCl,-Na and (b) SnCl;-Na electrodes.

As shown in Fig. S5, the SnCl,-Na and SnCl,-Na electrodes exhibit characteristic
diffraction peaks at 34.8° and 37.5° corresponding to the (511) and (521) facets of the

Na;sSn, alloy (PDF #31-1327).
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Fig. S6 (a) Nyquist plots of the SnCl,-Na electrode before cycling. (b) Relationship

between Z’ with w=2in the low-frequency region for the SnCl,-Na electrode.

The Na* ion diffusion coefficients of inorganics (Na-Sn alloy and NaCl) can be
obtained from the oblique lines in the low-frequency regions of the Nyquist plots
according to the following Eq. 1 and 2:

Z' =R, + Ry + owl/2 (Ea. 1)

D = R?T?/(2C?F4S%0?) (Eq. 2)

where the Z' is the real part of impedance, R; is the Ohm resistance, R is the charge
transfer resistance, o is the Warburg factor, w the angular frequency, D is the Na* ion
diffusion coefficient, R is the gas constant, T is the absolute temperature, C is the
molar concentration of Na* ions in the electrolyte, F is the Faraday’s constant, and S is
the surface area of the electrodes. As shown in Fig. S6b, the Z’ has a linear relationship
with w2 and o is determined by the slope of the lines, and thus D could be obtained

(1.1x107 cm? s1).
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Fig. S7 (a) Simulation of bi-component SEI layer with different diffusion coefficient in
COMSOL. (b-e) Simulation of Na* concentration in different SEI layer components at

different time. Scale bar: 500 nm.

Simulation of different SEI layer components model with thickness 0.5 um are
shown in the in Fig. S7a, and the lengths of inorganics (Na-Sn alloy and NaCl) and
organics (ROCO,Na and RCH,ONa) are all designed to be 1 um. The boundary
conditions between inorganic and organic blocks are defined continuous boundary
condition, in which the concentration at the interface satisfies the following equation:
Cna*=Cna (+ and - represent the left and right of the boundary).

The Na* concentration in the different protective layer components can be
calculated using Fick’ s law. To simplify the simulation complexity, the convective mass

transport and electro-chemical polarization are ignored.

oc
—=V-(DV Eq. 3
o (DVe) (Eq. 3)



where c is Na* concentration, and D;is the Na* ion diffusion coefficient in different
components.

According to the previous reports®, the conductivities of organics (Na alkyl
carbonates) is ~2x1012 S cm™. In addition, the conductivity for all Na alkyl carbonates
are identical regardless of chain length at 20 °C. Using following Eq. 4 and 5, a diffusion
coefficient of organics (5.2x107'® cm? s1) is obtained.

0 = une (Eq. 4)

D = pk,T gt (Eq. 5)

where the o is the Na* ion conductivity, u is the Na* ion mobility, n is the number

density of electrons, e is the charge of an electron, D is the Na* ion diffusion

coefficient, kyis the Boltzmann constant, T is the absolute temperature, g is the charge
of Na*ion.

In short, the diffusion coefficients of Na* in the organics and inorganics are 5.2x10"

16 cm?stand 1.1x107 cm? s, respectively.
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Fig. S8 SEM images of (a, d) the Na, (b, ) SnCl,-Na and (c, f) SnCl;-Na electrodes after

100 cycles at 2 mA cm~2 with a cycling capacity of 1 mAh cm=2.



Fig. S9 (a) SEM images of the SnCl,-Na electrode after 100 cycles at 2 mA cm~2 with a
cycling capacity of 1 mAh cm=2, and the corresponding EDX elemental mappings of (b)

Cl and (c) Sn.
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Fig. S10 Cycling performance of the symmetric cells with the Na and SnCl,-Na

electrodes with cycling capacities of 5 mAh cm=2 at 5 mA cm™.
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Fig. S11 Coulombic efficiency of Na-FeS, full cells using Na and SnCl;-Na as anodes

and FeS, as cathodes at 0.2,0.5,1,2and 0.2 A g™



Table S1. Summary of cycle performance of Na plating/stripping behaviors. (The

electrolyte concentration is 1M)

Current
Capacity Time
Materials density Cycles Electrolyte Refs
(mAh/cm?) (h)
(mA/cm?)
1 350 700 NaCF3S0; in
Na-Sn alloy/Na,0 1 6
2 500 500 diglyme
NaSOsCF; in
Na/NSCNT 1 1 250 500 7
diglyme
PhS,Naj,-rich 1 400 800
1 NaPFg in EC/PC 8
protection layer 5 700 280
CNT/Na 1 0.5 200 800 NaClO,in EC/PC 9
NaClO,in
MOF/Cu 1 1 300 600 10
EC/DMC
NaClO, in
Znsp-N-C 1 1 150 300 11
EC/DMC
1 550 1100
Carbon felt 1 NaPFg in diglyme 12
2 350 350
1 0.5 87 350
NaAsFg additive NaTFSl in FEC 13
0.5 0.25 137 550
Na/CNF 1 1 1000 2000 NaPFgin diglyme 14
SbF; addicitive 0.5 0.5 500 1000 NaFSl in DME 15
NaCFsS0; in
Nal SEI 0.75 0.25 83 500 16
diglyme
1 135 270
NaPS layers 1 NaPFg in EC/PC 17
3 41 250
Sn-Na alloy 1 0.25 125 1000 NaPFg in EC/PC 18
NaBr interphase 0.25 0.5 250 250 NaPFg in EC/PC 19
Al,03-PVDF-HFP
1 0.5 100 400 NaClO,in EC/PC 20
coating
1 4500 4500
3 2 1333 4000 . .
NaPFgin This
SnCl;-Na electrode 5 600 3000 .
diglyme work
1 5 7000 2800
5 750 1500
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