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Figure S1. Cyclability of Li-S cells at C/10, comparing specific discharge capacity measured 
in a typical coin-cell using a 2 M LiNO3 solution in DMA wetting a Celgard separator (black 
squares) and a 2-compartment cell using a Ohara LIC-GC™ membrane (blue circles) with 1 
M LiClO4 in DMA in the positive (sulfur) compartment and 1 M LiClO4 + 2 wt% LiNO3 in 
TEGDME in the negative (lithium) compartment.  
 
 
 

XANES measurements: XANES spectra were measured between 2450 and 2600 eV. Step 

sizes were 0.15 eV in the near-edge region (2466–2488 eV) and 2.0 eV in pre-and post-edge 

regions. Energy calibration was performed by setting the maximum of the first peak in the 

spectrum of sodium thiosulfate salt (Na2S2O3) to 2471.2 eV. The instrumental resolution in 

the energy range near the sulfur K-edge is about 0.35 eV. The ID beam was defocussed (with 

a beam size of about 200 x 450 microns) and intensity attenuated to a level that there was no 

measurable beam damage. Other precautions taken include moving the beam to three different 
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spots spread over 1200 µm2 (6 minutes acquisition on each) and measuring two cells in 

tandem so that each was completely removed from the beam for 18 minutes every 36 minutes.  

Athena software was used to normalize the spectra and correct them from self-

absorption inherent to fluorescence mode by using the atomic composition, in agreement with 

total electron yield measurements.[1] The same software was used to perform linear 

combination fitting (LCF) – based on a set of reference materials including α-S8, Na2S4, 

ultramarine pigment (S3
·-) and Li2S between 2466 and 2486 eV.[2] 

 

Nuclear Magnetic Resonance (NMR): NMR experiments in Figure S2 below were conducted 

in DMSO-d6 solution (Sigma Aldrich, dried on 4 A molecular sieves) on a Bruker Advance 

300 MHz instrument at room temperature with a 4 second delay in between each aquisition. 

1H spectra were referenced to the residual DMSO peak at 2.49 ppm (TMS at 0 ppm). 

Small impurities, such as MeOH at 3.49 ppm, are present in the DMSO-d6 (Figure 

S2a) and therefore in all samples. The impurity peaks are however significantly smaller than 

the 1H-13C satellites. In the case of DMSO and DME (Figure S2b), only pure solvents are 

detected after 48 hours of contact with S6
2-/ S3

·- at 40°C, suggesting the absence of reactivity. 

The decomposition of DOL and DEC is evidenced by 1H NMR with the appearance of acetate 

at 2.06 ppm (Figure S2b and S2d).[3] For the same amount of DOL and DEC contacted with 

the polysulfide solution, integrated NMR intensities show that 2.6 times more acetate is 

formed in DOL compared to DEC. Note that no reaction was observed after 48 hours of 

contact at room temperature. 
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Figure S2. 1H NMR study of reactivity of polysulfides towards electrolyte solvents. “Li2S6” 
was first synthesized in DMSO-d6 (a) and then reacted with (b) DOL, (c) DME, or (d) DEC 
for 48 hours at 40°C. On the right panel (expanded view; all 7x), black dotted lines show the 
spectra after contacting solvents with the polysulfide solution for 48 hours at room 
temperature (no reaction). 
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