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Supplementary Figures 

 

Supplementary Fig. 1 | 𝐸DFc/DFc+, 𝐸I−/I3
− , and 𝐸TEMPO/TEMPO+  as a function of Li+ concentration in DME, DMSO, 

and TEGDME, respectively. 

 

 

Supplementary Fig. 2 |Measurement of 𝑘DFc−Li2S
app

 using UV-vis spectrometry in reactions of DFc+ oxidizing Li2S. (a) 

UV-vis spectra after various times in DME with 0.1 M LiTFSI; (b) the fit absorbance data to obtain kinetic rate 

constant for a 1st order reaction. 

 

 

Supplementary Fig. 3 |UV-vis spectra of solution of DFc+ reacting with solid Li2S (red) and soluble polysulfide 

species (blue) in 0.1M LiTFSI-DME after 150 s. The DFC+ has been completely consumed in the reaction with 

dissolved polysulfide but not in the reaction with solid Li2S, which indicates the reaction of DFC+ oxidizing Li2S is 

slower than oxidizing dissolved polysulfide. 
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Supplementary Fig. 4 | Impact of DMSO/DME ratios on (a) the redox potential of I3
–/I– redox couple and (b) 

𝑘I3
−−Li2O2

app
. 

 

 

Supplementary Fig. 5 | O2 evolution when mixing TBAI3 and Li2O2 in pure DME without Li+. The carrier gas flow 

was 1 mL min–1.  
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Supplementary Fig. 6 | O2 evolution when mixing TEMPO+ and Li2O2 in tetraglyme solution with various Li+ 

concentrations from 3.25 M to 4M. Carrier gas: Ar 1 mL min-1.  
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Supplementary Fig. 7 | XRD pattern of the synthesized amorphous Li2O2. 

 

 

Supplementary Fig. 8 | TEM analysis of commercial Li2O2 particles. (a) TEM image showing that a representative 

Li2O2 particle grows along the [0001] direction with the dominant surface being the (112̅0) plane; (b) its SAED 

pattern recorded from the [112̅0] zone axis indexed using the Li2O2 (P63/mmc) structure. 

 

 

Supplementary Fig. 9 | Two structural units extracted from the structure of the (1120) of Li2O2. A unit includes an 

O-O dimer as well as the surrounding Li, where each O-O dimer is surrounded by 6 Li atoms, suggesting that at least 

six Li need to be strapped first to release an O2. According to the structural analysis, we explored paths which are 

irregular and not limited to one Li2O2 formula compared with the conventional reaction paths14-16. 
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Supplementary Fig. 10 | DFT results for charging the (1120) and (0001) facets. a, Bond length (dO−O) and b Bader 

charge of O–O species and c re-organization energy (∆𝐸reorg
𝑗

) after j Li removals upon charging the (1120) facet 

(green) or (0001) facet (blue). a is reproduced from Fig. 3a for easier comparison. 
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Supplementary Fig. 11 | DFT results for charging the (1120) and (0001) facets. (a) Bond length (dO−O) and (b) Bader 

charge of O-O species and (c) re-organization energy (∆𝐸reorg
𝑗

) after j Li removals upon charging the (1120) facet 

(green) or (0001) facet (blue). 
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Supplementary Fig. 12 | In-situ DEMS of (a,b) commercial Li2O2 (C–Li2O2) and (c,d) electrochemical-formed Li2O2 

(EC–Li2O2) in DMSO-based electrolyte with various Li+ concentrations. The GDL electrodes are discharged in 1M 

LiTFSI-DMSO under O2 for a capacity of 1.16 mAh/cm2, corresponding to 1 mg/cm2 mass loading. Sweep rate: 0.05 

mV/s. Carrier gas: 0.3 ml/min pure Ar. The shaded regions represent the O2 evolution contributed by the I3
-/I- redox 

couple below 3.6 V. 

 

 

Supplementary Fig. 13 | Galvanostatic cycling profile of Li-O2 cells with TBAI as a charging RM. Super P-PTFE-GDL 

electrode was cycled in (a) 10 mM TBAI-0.05 M LiTFSI in DMSO and (b) 10 mM TBAI-1 M LiTFSI in DMSO under 1 

atm O2 at an areal current density of 0.2 mA cm-2. The metallic Li anode was protected behind a piece of LiSICON 

and 0.5 M LiTFSI-DME was used as anolyte. 
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Supplementary Note 1: Measuring kinetics using DEMS and SECM 

The kinetic rate constants of the reaction between RM+ and Li2O2 are both measured by DEMS 

experiments and SECM experiments. 𝑘I3
−−Li2O2

app
 at various 𝐸I−/I3

− were determined by using a 

differential electrochemical mass spectrometer (DEMS) to quantify the O2 evolution 

(Supplementary Fig. 6, 14) and by fitting approach curves (Supplementary Fig. 15, 16) from 

scanning electrochemical microscopy (SECM). The rate constants obtained from both methods are 

compared in Supplementary Table 1 and Supplementary Fig. 17, which show linear correlations 

between the values obtained from both methods, confirming the validity of both methods to 

measure the quantity. The time scale of DEMS measurement is typically several hours, which is one 

to two orders of magnitude longer than that of SECM experiments (less than one seconds if just 

considering the charging transfer and mass transports between the SECM probe and the Li2O2 

substrate) and it is closer to the situation in a Li-O2 battery. Therefore, the kinetics of RM+ to oxidize 

Li2O2 can be extracted from O2 evolution and the O2/RM+ ratio. A 1st order reaction is assumed and 

thus  

 𝑘I3
−−Li2O2

app
= 0.001 ∗ 𝑙𝑛

𝐶𝐼3
–0

𝐶𝐼3
–′

= 0.001 ∗ 𝑙𝑛
𝑛𝐼3

–0

𝑛𝐼3
–0 −𝑛𝑂2

= 0.001 ∗ ln
1

1−𝑟𝑎𝑡𝑖𝑜(𝑂2 𝐼3
−)⁄

 

 (S12) 

 

 

Supplementary Fig. 14 | O2 evolution when mixing TBAI3 and Li2O2 in DMSO solution with various Li+ concentrations 

from 0 M to 1 M. The 𝑘I3
−−Li2O2

app
 of I3

– oxidizing Li2O2 was calculated from the amount of O2 evolved. 
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Supplementary Fig. 15 | SECM approach curves of a Au SECM tip towards a Li2O2 pellet in the electrolytes of DMSO 

with various Li+ concentrations. L is the dimensionless length representing the distance from the Li2O2 substrate 

and NiTip is the tip current normalized by the steady state current. 𝑘I3
−−Li2O2

app
 of I3

– oxidizing Li2O2 is obtained from the 

fit of approach curves. 

 

 

Supplementary Fig. 16 | SECM approach curves of a Au SECM tip towards a Li2O2 pellet in 0.01M Li+ in DMSO-DME 

mixture with various ratios. L is the dimensionless length representing the distance from the Li2O2 substrate and 

NiTip is the tip current normalized by the steady-state current. 𝑘I3
−−Li2O2

app
.of I3

– oxidizing Li2O2 is obtained from the 

fit of approach curves. 
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Supplementary Table 1 | Kinetic rate constants (𝑘I3
−−Li2O2

app
) in DMSO with various Li+ concentrations and 0.01 M 

LiTFSI in DMSO/DME mixtures determined by SECM and DEMS, respectively. The SECM results are consistent with 

the DEMS results. 

Solution 

by 
SECM 

𝒌𝐈𝟑
−−𝐋𝐢𝟐𝐎𝟐

𝐚𝐩𝐩   

(cm s–1) 

by DEMS 

n(O2) 
(µmol) 

Ratio 
(O2/I3

–) 

𝑘I3
−−Li2O2

app
 

(s–1) 

DMSO-no Li+ 1.38×10–3 2.44 0.763 1.4×10–3 

DMSO-0.01M Li+ 1.21×10–3 2.34 0.731 1.3×10–3 

DMSO-0.05M Li+ 8.45×10–4 1.46 0.456 6.1×10–4 

DMSO-0.1M Li+ 5.79×10–4 1.04 0.325 3.9×10–4 

DMSO-0.5M Li+ 4.01×10–4 0.80 0.250 3.1×10–4 

0.1M Li+ pure DMSO 5.79×10–4 1.04 0.325 3.9×10–4 

0.1M Li+ in 
DMSO/DME (8/1) 

3.55×10–4 0.70 0.219 2.5×10–4 

0.1M Li+ in  
DMSO/DME (4/1) 

2.03×10–4 0.44 0.138 1.5×10–4 

0.1M Li+ in 
DMSO/DME (2/1) 

1.77×10–4 0.38 0.119 1.3×10–4 

0.1M Li+ pure DME 4.15×10–6 0.01 0.003 3.1×10–6 

 

  

Supplementary Fig. 17 | Comparison of the 𝑘I3
−−Li2O2

app
 measured by DEMS method and SECM method in (a) DMSO with 

various Li+ concentrations and (b) DMSO-DME mixture with varying ratios containing 0.1 M LiTFSI. 
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Supplementary Note 2: Manipulating redox potentials 

Given that the redox couple of I3
–/I– is independent of the Li+ concentration while the redox 

couple of Li2O2/Li is dependent on the Li+, 𝐸I−/I3
− (vs SHE) is independent on the activity of Li+ (𝑎Li+) 

but 𝐸I−/I3
− (vs. Li+/Li) replies on 𝑎Li+  in the electrolyte. Therefore,  

𝐸I3
−/I−  (𝑣𝑠. Li+ Li⁄ ) = 𝐸I3

−/I−
⊝ − 𝐸

Li+ Li⁄
⊝ +

𝑅𝑇

2𝐹
ln

𝑎I3
−

(𝑎I−)3
−

𝑅𝑇

𝐹
ln

𝑎Li+

𝑎Li

 

= 𝐸I3
−/I−

⊝ − 𝐸
Li+ Li⁄
⊝ +

𝑅𝑇

2𝐹
ln

𝛾I3
−

(𝛾I−)3

𝑐I3
−

(𝑐I−)3 −
𝑅𝑇

𝐹
ln 𝑐Li+𝛾Li+        (S13) 

Where, 𝑐𝐼3
−, 𝑐𝐼−, and 𝑐𝐿𝑖+  are the concentrations of I3

–, I–, and Li+. 𝛾𝐼3
−, 𝛾𝐼−, and 𝛾𝐿𝑖+  are the activity 

coefficients of I3
–, I–, and Li+ in variable electrolytes. 𝑐𝐼3

−  and 𝑐𝐼−  are constants in experiments. Due to 

the large radii of I3
– and I–, their solvation is weak and therefore 𝛾I3

−  and 𝛾I−  are almost identical in 

various electrolytes. Ferrocene (Fc) is a good example, which has nearly solvent-independent redox 

potentials due to its large radius and weak solvation. As shown in Supplementary Fig. 19, the redox 

potentials of I3
–/I– and Fc+/Fc in various electrolytes have been plotted. 𝐸𝐼3

–/I– and 𝐸Fc+/Fc show the 

same rising trend and then the potential gap between 𝐸I−/I3
− and 𝐸𝐹𝑐+/𝐹𝑐 is almost constant. If 

𝐸Fc+/Fc is assumed to be identical in DMSO electrolytes with various Li+ concentrations, 𝐸I−/I3
− is 

identical in these electrolytes as well and 𝐸Li+/Li is drifting. Overall, we can manipulate the 

𝐸I−/I3
−  (𝑣𝑠. Li+ Li⁄ ) either by changing 𝑐𝐿𝑖+  or by using different solvents to change 𝛾Li+ . 

 

Supplementary Fig. 19 | Redox potentials of Fc+/Fc redox couple (black) and I3
–/I– redox couple (blue) and in the 

DMSO electrolyte with various concentrations of Li+. EI3-/I- has the same trend of EFC+/FC (vs. Li+/Li), which indicates 

the change of EI3-/I-is caused by the drift of ELi+/Li. 
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Supplementary Note 3: Excluding impurities to cause thresholds 

Before examining the impact of facets, we investigated whether impurities such as LiOH, 

Li2CO3, lithium formate, and lithium acetate30 could cause the threshold. A certain degree of 

impurities on the Li2O2 surface in contact with electrolyte was found inevitable given its reactive 

surface31. In principle, impurities could generate the threshold via their onset potential for 

decomposition, which is higher than that of Li2O2 (Ref. 10,30). Alkyl carbonates, Li formate, carbonate 

and acetate were found to decompose between 3.5 and 3.9 V vs Li/Li+, respectively30,32. To exclude 

impurity oxidation as the origin of the thresholds, we applied two strategies. First, we characterized 

the surface of the used commercial Li2O2 by means of a depth profile using time of flight secondary 

ion mass spectrometry (TOF-SIMS). The Li2O2 pellet was prepared in an Ar-filled glovebox and kept 

in contact with 0.1 M LiTFSI-DMSO for 10 min to form side products, which would also form in the 

kinetics experiments. After 30 s sputtering, the Li2O2
+ signal remained constant, indicating any 

impurities on the surface being removed and the true surface exposed, Supplementary Fig. 20. 

Comparing the initial Li2O2
+ signal with that after prolonged etching indicates more than half of the 

surface to be pure Li2O2. Second, we measured the kinetics of reactions between I3
– and several 

typical impurities such as LiOH, Li2CO3, lithium formate, and lithium acetate in DMSO. Solutions 

contained either 0.1 M or no Li+ which yields 𝐸I−/I3
− below and above the threshold of 3.56 V, 

respectively. If the threshold were caused by any of these impurities, the measured kinetics 

without Li+, where the potential is above the threshold would have to be several-fold higher than 

that with Li+. The data in Supplementary Fig. 21 excludes this possibility. For one, I3
– only oxidizes 

Li formate and with marginally increasing kinetics and with CO2 only evolving. For the other, I3
– 

evolves neither CO2 nor O2 from LiOH, Li acetate and Li2CO3. The accelerated kinetics in Fig. 1 & 2 

was always associated with O2 from Li2O2 oxidation (Supplementary Fig. S6, S12) and could 

therefore not stem from impurities. We conclude that the threshold potential and the kinetic 

acceleration do not stem from impurities, but originate exclusively from the intrinsic surface 

properties of Li2O2. 
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Supplementary Fig. 20 | Depth profile by TOF-SIMS of the surface of an Li2O2 pellet after soaking for 10 min in 

DMSO. 



15 

 

Supplementary Fig. 21 | O2 evolution when mixing TBAI3 and (a,b) LiOH, (c,d) Li2CO3, (e,f) HCOOLi, and (g,h) 

CH3COOLi in DMSO solution without Li+ and with 0.1 M Li+. (a,c,e,g) without Li+; (b,d,f,h) with 0.1 M Li+; Carrier gas: 

Ar 1 ml min-1. Although I3
– oxidizes Li formate to release CO2, the kinetics are similar with and without Li+ and the 

switch-on effect is not observed. These results indicate that the switch-on effect and threshold in RM+ oxidizing 

Li2O2 is not due to the impurities on the surface.  
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Supplementary Note 4: Side reactions with iodide 

When I3
– oxidizes the Li2O2, some side-reactions take place at the surface of Li2O2 during its 

oxidation, such as the formation of superoxide-like species, singlet O2, etc. These reactive and 

aggressive intermediates attack the solvent and RMs, forming by-products. The by-products 

gradually cover and passivate the surface of Li2O2 and thus the desired reaction and O2 evolution 

are inhibited. To check that, the same amount of TBAI3 reacted with various amounts of Li2O2, i.e. 

4.5 mg, 9 mg, 18 mg, and 100 mg. The O2 evolutions are shown in Supplementary Fig. 22. The O2 

evolution increases with the increase of Li2O2, however, when the Li2O2 is overwhelming excess, 

the O2 evolution is saturated. Too much Li2O2 in the vial affected the stirring during measurement 

and thus 9 mg of Li2O2 was applied in all measurements in this work. 

During 1000 s data acquisition, the O2 evolution did not cease and the flux of O2 did not decay 

to zero, suggesting the reaction is still slowly taking place. Therefore, if the data acquisition is 

continued and O2 evolution is accumulated overnight, the ratio(O2/I3
–)overnight is higher than 

ratio(O2/I3
–)1000s. For the slow reactions, e.g. in DME, ratio(O2/I3

–)overnight is 0.015, which is over two-

fold of ratio(O2/I3
–)1000s but it still very low.  

Even though O2 evolution has been accumulated overnight, the ratio(O2/I3
–)overnight is below 1. 

The reactive intermediates not only attack solvents to passivate the surface of Li2O2 but also attack 

the regenerated RMs, leading to decomposition and depletion of RM. Therefore, the ratio(O2/I3
-) 

is difficult to approach 1 during a long period of reaction time. Anyway, this work does not focus 

on the side-reactions caused by intermediates. The effect of side-reactions and by-products will be 

discussed in another our work.  

 

Supplementary Fig. 22 O2 evolution when 0.8 ml 4 mM TBAI3/0.1 M LiTFSI in DMSO solution reacted with various 

amounts of Li2O2. For 100 mg, 18 mg, 9 mg, and 4.5 mg of Li2O2, the total amount of O2 evolution are 1.25 μmol, 

1.2 μmol, 1.04 μmol, 0.781 μmol, respectively. The ratio(O2/I3
-) are 0.39, 0.375, 0.325, and 0.244 respectively.  
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