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Figure S1 The CV curves of H-VO:2@N-CBC, VO2@N-CBC, and N-CBC -based electrodes in a symmetric
cell with Li>Se as the electrolyte at the scan rate of 3 mV/s. The redox peaks are labeled as a, b, ¢, and d,

respectively.



Supplementary Note S1. The details on calculation of activation energy change.

CV tests were performed under a scan rate of 0.2 mV/s at 298 K as shown in Fig 3a. The relationship
between the electrode potential and the activation energy is given by the equation (eq. 1) [1,2]:

E,= an + azF P (Rea) ir

where E, is the activation energy of ' duction process, E,° is the intrinsic acti vation energy, a is the

symmetry factor, z is the charge transfer number, F is the Faraday’s constant, ¢ g i is the irreversible
potential during the reduction process, which can be read from the peak potential in CV curves during the
reduction process.

The Tafel equation (eq. 2):
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Where 7 is the overpotential, R is the gas constant, T is the absolute temperature, j, is the exchange
current density, j is the current density. The equation can be simplified in a concise form (eq. 3):

n=a+blnj
Therefore, a is the intercept of Tafel curve (eq. 4):
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and b is the slope of Tafel curve (eq. 5):
RT

azF

By substituting Tafel slope (eq. 5) into (eq. 1), we can rewrite a concise form:

0 RT
E,= Eq — T P(Red) ir

Consequently, based on the Tafel slope as shown in Fig. 3 (e and f), the activation energy during discharge
(reduction) process can be calculated.

The activation energy corresponds to the reduction from Sg to Li»Sy:
N-CBC based electrode: E;; = E2, — 73.79 k] mol™?
VO,@N-CBC based electrode: E ;' = E2; —90.24 k] mol™?
H-VO,@N-CBC based electrode: Eq;"" = E2; —101.97 kJ mol™?!

The difference in activation energy can be calculated by subtracting the activation energy between two
different electrodes:

Activation energy difference between VO,@N-CBC and N-CBC based electrodes:



Eyi — Equ' = (E2, —73.79) kj mol™ — (E2; —90.24) k) mol™! = 16.45 kJ mol™!
Activation energy difference between H-VO,@N-CBC and VO,@N-CBC based electrodes:
1 — Eg = (EX —90.24) kj mol™* — (E2, —101.97) k) mol™ = 11.73 kJ mol™?!

Similarly, we can calculate the relative activation energy among three electrodes from Li,S,to Li,S.

Table S1. Comparison of the electrochemical performance of LSBs using different catalytic materials.

Catalytic materials  Sulfur loading (mg/cm?) Rate capability (mAh/g) Cycling performance (mAh/g) Ref.
VO2(R)/V203 2.5 957/1C 758/300th (1C) This work

VN 1.3-15 850/2C ~750/500th(0.5C) 3]

VO:(P) 2.0 760/2C 780/500th(2C) [4]

VO2(B) 1.4-2.0 831/2C 615/200th(2C) [5]

TisO; 1.5-1.8 850/2C ~940/100th (0.5C) 6]

MnO:2 0.7-1.0 950/1C 1030/200th (0.2C) [7]

TiO2-TiN 1.0-1.2 682/2C 927/300th (0.3C) [6]

RuO> 15 543/2C 508/200th (1C) 18]
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