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Calculation of electron balance for Li-ion polysulphides full cell

Quantity of electrons at anode:
Q=1+t*n=024mA+«7h+75%=4.54C

I is the applied current; t means the alloy time; 77 represents the first Coulombic efficiency of
alloy/de-alloy process.

Number of electrons at anode:

Q 454 C

< =47.13 pmol
n=¢q*N=16%10"1%6.02 10

According to the reaction at the cathode:

Li;Ss+6e +6Lit — 4 Li,S

The polysulphides catholyte is 12 pL, 0.25 M Li,S,.

Therefore, the electrons needed for cathode reaction is 0.25 M *12 pL * 6 = 18 umol.

The amount of electrons at anode (47.13 pumol) is around two times higher than that at the

cathode (18 pmol), with a Li utilization of 38%. In most Li-S half cells, the mass of



commercial Li chip is 30 to 40 mg, corresponding to >4 mmol Li. The Li utilization for

commercial Li chip is less than 5%.
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Fig. S2 SEM images of (a) HTC-CC, (b) enlarge SEM of HTC, (c) EDX of carbon element
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Fig. S3 (a) N, isothermal adsorption-desorption and (b) pore-size distribution of CC and HTC-CC
current collectors
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Fig. S4 (a, b) EDS element mapping of the new Kynol CC surface, (c) EDS spectrum of new CC; (d)
XPS full spectra of new CC

Fig. S5 SEM images of the Li,S depo:sits on new Kynol CC surfaces after full discharge;
inset is the corresponding high-magnification image
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Fig. S6 Raman spectra of CC and HTC-CC current collectors
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Fig. S8 The charge-discharge curve of Al-Li half-cell in 1M LiPFs + EC/EMC electrolyte; insert is

Coulombic efficiency of alloying/de-alloying reactions
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Fig. S9 XPS spectra of SEI component on the surface of Al-Li alloy prepared in LiPFs+EC/EMC
solvent and cycled in LITFSI+TEGDME solvent, (a) C 1s, (b) O 1s, (c) F 1s and (d) Li 1s.
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Fig. S10. HOMO and LUMO levels of SEI composition and electrolyte solvent
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Fig. S11 The XPS profiles of the soaked surfaces of Li metal and Al-Li alloy (a) C 1s; (b) O 1s; (c) F
Isand (d) S 2p
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Fig. S12 EIS data of HTC-CC and CC current collector after 1%, 274, 31, 5t and 10t cycle of
discharge state at 0.1 C
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Fig. S13 EIS data of HTC-CC and CC current collector after 1%, 2", 3rd, 5t and 10™ cycle of charge

(a)

state at 0.1 C

(b)

0.6 0.6
{ st Al-Li | HTC-CC —1st AlLi | CC
0.44 — 2nd 0.4
{ — 5th
0.2/ —10th -
E ] g
= 0.01 = 0.0
-0.24 -0.24
-0.4 T T T T -0.4 T T T T
1.0 1.5 2.0 2.5 3.0 1.0 15 2.0 25 3.0
Ewe (V) Ewe (V)
(c) (d)
2.
20T —oosmvis T
—0.1mVi/s ;
1.5 {4 & Cathodic
—0.2mVis 1=
—0.5mVI/s
1.0
—1mVis 1.0
e | -
g 05 T 05
= 0.0 -
0.0
0.5
-0.5-
-1.0 T T T T T T T T T T
0.8 1.2 1.6 2.0 24 2.8 0.2 0.4 0.6 0.8 1.0

Fig. S14 Typical CV test of (a) Al-Li | HTC-CC and (b) Al-Li | CC full cell with Li,S4 catholyte at
scan rate of 0.1 mV s7'; (¢) CVs at different scan rate of Al-Li | HTC-CC cell; (d) relationships

between cathodic/anodic peak currents and scan rates from (c)






