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3 Figure S1. Cross section SEM and elemental mapping for SCNF cathode, showing sulfur 

4 distribution throughout the CNFs
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1

2 Figure S2. Cyclic voltammetry results of Li-S batteries when using SCNFs as cathode where a) 

3 0.02 M TU additive added to electrolyte at different scan rates up to 10 mV/s, and b) same coin 

4 cell from part  was used over an extended voltage range between 1.4 to 3.0 V at a scan rate of 0.1 

5 mV/s, c) 0.02 M TU was added to electrolyte and cycled for 5 cycles and current is adjusted based 

6 on the weight of TU, and d) 0.02 M, 0.2 M and 0.5 M TU were added to ether electrolyte, and 

7 current is adjusted based on the weight of TU
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1

2 Figure S3. a) Cyclic voltammetry results of Li-S batteries with FDS-based cathodes and ether-

3 based electrolyte (without TU additive), and b) Different TU mesomers
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2 Figure S4. FTR spectra of the TU added electrolyte before and after exposure to Li metal, this 

3 figure confirms that the N-H peaks of the TU additive remains unchanged after exposure to Li 

4 metal, therefore TU is not lithiated.
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1 Theoretical capacity calculation for TU: To calculate the contribution of TU to the capacity 

2 reported in our work, we have used the following equation:

3 𝑄𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 = 𝑛𝐹

4 Where, n is the number of charge carrier. Here assumed to be 1, and F is the Faraday constant. 

5 Using this equation, the theoretical capacity of TU is calculated to be 26.80 Ah/molTU. Based on 

6 the molarity of TU used, 0.02 M, 0.2M, or 0.5 M, and the amount of electrolyte used in the cells 

7 (~20 µL/mgS), we calculated the theoretical capacity contribution from thiourea and adjusted it to 

8 the weight of active sulfur material used in the cells.
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1

2

3 Figure S5. Steady-state shuttle current measurements of Li-S batteries in ether-based electrolyte 

4 (black line), and in presence of 0.02M (blue line) and 0.2 M TU (red line) additive when the battery 

5 is stopped at a) 2.1 V, b) 2.0 V, and c) 1.9 V
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3 Figure S6. Cyclic result of Li metal-free coin cell with Li2S/CNFs as cathode, and commercial 

4 graphite anode, with 0.2 M TU added to the ether electrolyte
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2 Figure S7. Long-term cycling of Li-S battery with sulfur loading of 2-2.1 mg/cm2 and 0.01 and 

3 0.2 M TU added to the reference electrolyte at C/2 rate
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1 Table S1. A summary of recent studies on electrolyte additives for Li-S batteries

Additive Role Cycling results
Coulombic 

efficiency
Reference

 biphenyl-4,4′-dithiol 
(BPD)

complex formation 
with polysulfides

575 mAh/g at C/10 
after 300 cycles

93 ± 3% [1]

hexafluorobenzene 
(HFB) 

Li2S/ Li2S2 
activation

~ 700 mA/g after 100 
cycles

- [2]

1,1,2,2-tetrafluoroethyl-
2,2,3,3-tetrafluoropropyl
ether (TTE)

formation of a 
protective layer on 
sulfur-based 
cathode

772 mAh/g after 300 
cycles

-

[3]

 lithium bromide (LiBr) formation of a 
protective layer on 
sulfur-based 
cathode

870 mAh/g after 200 
cycles at C/5

close to 
100% [4]

pyrrole (Py) formation of a 
protective layer on 
sulfur-based 
cathode

607.3 mAh/g after 
300 cycles at 1C

-

[5]

Carbon disulfide (CS2) formation of a 
protective layer on 
anode and cathode

561 mAh/g after 300 
cycles at C/2

>99%
[6]

dithiothreitol (DTT) accelerate the 
conversion from 
LiPSs to Li2S

471 mAh/g after 500 
cycles

98.5
[7]

nickel chloride 
dimethoxyethane adduct, 
NiCl2.DME, denote 
NiDME)

accelerates the 
redox reactions 
homogeneously

784 mAh/g after 500 
cycles at 1C

-

[8]

N-aryl-substituted 
benzo[ghi]peryleneimide 
(BPI)

redox mediator ~500 mAh/g after 
100 cycles at C/2

~ 90%
[9]

Thiourea (TU) dual role as redox 
mediator and 
shuttle inhibitor

~690 mAh/g after 
700 cycles at C/2 
(sulfur cathode- Li 
metal anode) 
~1007 mAh/g after 
400 cycles (Li2S 
cathode-graphite 
anode)

>97% 
throughout 
700 cycles

This work
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