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Materials and Methods 

 

Preparation of LiNO3-KNO3 molten salt electrolyte 

The molten nitrate salt electrolyte was composed of lithium nitrate (99.99 %, Sigma-

Aldrich) and potassium nitrate (≥99.0%, ReagentPlus®, Sigma-Aldrich) with a mole ratio 

of 42:58, which forms a eutectic.  Since the glass fiber separator (Whatman) was poorly 

wet by the molten nitrate, the electrolyte filled separator was prepared by immersing the 

glass fiber paper in an aqueous solution of LiNO3-KNO3 at a salt concentration of 0.25 

g∙mL-1. The wetted glass fiber discs with a diameter of 12 mm were placed in a 180 ºC 

oven for 20 min to evaporate water and allow the absorbed nitrates to melt to form a molten 

salt. This process was iterated three times until all of the pores in the glass fiber were filled. 

The mass loading of the electrolyte was determined to be 100 ± 10 mg per glass fiber. After 

the electrolyte-filled separators were vacuum-dried at 200 oC for one day in a Büchi glass 

oven, they were transferred into a glovebox for cell assembly. 

 

Preparation of Li1.5Al0.5Ge1.5(PO4)3 (LAGP) solid electrolyte 

LAGP was synthesized via a solid-state reaction. First, 2.65 g Li2CO3 (≥99.0%, ACS 

reagent), 1.22 g Al2O3 (Sigma-Aldrich), 7.51 g GeO2 (≥99.99%, Sigma-Aldrich), and 16.52 

g NH4H2PO4 (99.999%, Sigma-Aldrich) precursors were ball-milled with acetone at 250 

rpm for 4 h using agate mortar balls (6 mm, 5 g). The obtained mixture was then dried in 

a 60 °C oven for 12 h to remove the acetone. The white powders were then calcined at 600 

ºC in air for 4 h to decompose the precursors. The subsequent light grey powders were ball-

milled at 250 rpm for 4 h, followed by pelletization at an applied pressure of 3 tons. The 

square pellet (1 cm2, 4 mm) was then calcined at 900 ºC for 6 h. Another ball-milling 

procedure was employed to grind the pellets, and the resulting particles were sieved to a 

dimension smaller than 106 μm in diameter. The solid electrolyte powder (1 g) was pressed 

with 5 tons of pressure for 1 min. The resulting white disc was sintered at 900 ºC for 10 h, 

with programmed heating and cooling rates of 1 ºC·min-1. 

  

Preparation of the Ni-nitrate composite cathode 

Typically, 4 g Ni powder (Anachemia) was mixed with 4 mL of LiNO3-KNO3 aqueous 

solution (0.25 g∙mL-1). The mixture was then heated in an oven at 180 ºC for 20 min to 

remove water and form a thin layer of the molten nitrate on the Ni nanoparticles and 0.2 g 

of the composite cathode powder were pressed onto a stainless steel current collector 

(SS316) under an applied pressure of 1 ton. The geometric area of the cathode was 1 cm2. 

The cathodes were further dried at 200 oC under vacuum in a Büchi glass oven for one day 

prior to use. Characterization of the composite cathode is shown in Fig. S3. 

 

Preparation of Li2O2-prefilled Ni-nitrate electrode 

In an Ar-filled glovebox, the prefilled electrode was prepared by grinding and mixing 200 

mg of the Ni-nitrate composite material and 50 mg of the commercial Li2O2 powder 

(technical grade, 90.0%, Sigma-Aldrich) via a mortar. The mixture powder was then 

pressed onto a stainless steel current collector (SS316) under an applied pressure of 1 ton. 

The geometric area of the electrode was 1 cm2. 
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GC-MS analysis for the chemical stability of Li2O and Li2O2 in DMSO 

Dimethyl sulfoxide (DMSO, anhydrous, ≥99.9 %, Sigma-Aldrich) was distilled under 

partial pressure and stored over molecular sieves (3 Å, beads 8 – 12 mesh, Sigma-Aldrich) 

for two days prior to use. In an Ar-filled glovebox, commercial Li2O and Li2O2 powders 

were mixed with 6.2 mL of the purified DMSO. The stoichiometric mole ratio between the 

commercial powders and DMSO was kept at 1:100. The resulting suspensions were stirred 

using a magnetic stir bar for 300 hours, followed by centrifugation (10 kRPM, 10min) to 

remove the solids. The supernatant was collected and further diluted in acetonitrile (1:10 

vol. %) before subject to GC-MS analysis. Single-ion monitoring mode was utilized to 

enhance the sensitivity of dimethyl sulfone signal.  

 

Preparation of SuperP carbon cathode 

The cathode slurry consisted of 85 mg SuperP carbon (Toyota) and 15 mg 

polytetrafluorgoethylene (PTFE, Sigma-Aldrich) was suspended in 10 mL ethanol by 

magnetic stirring for 4 h. The mixture was sprayed onto a gas diffusion layer (GDL H2315, 

Freudenberg) as a support. Cathodes (geometric area of 1 cm2) were punched from the 

GDL with a typical carbon loading of 2 ± 0.5 mg. After drying at ambient conditions for 1 

h, 0.25 g∙mL-1 LiNO3-KNO3 aqueous solution was sprayed on the cathodes which were 

then dried at 200 °C under vacuum in a Büchi glass oven for one day prior to use. The 

loading of nitrate on the carbon cathode was 25 ± 5 mg. 

  

Preparation of organic electrolyte 

Tetraethylene glycol dimethyl ether (TEGDME, 99%, Sigma-Aldrich) was distilled over 

calcium hydride (reagent grade, 95%, Sigma-Aldrich) under a N2 atmosphere and stored 

over molecular sieves (4 Å, beads 8 – 12 mesh, Sigma-Aldrich) for one week prior to use. 

Lithium bis(trifluoromethane) sulfonamide (LiTFSI, 99.95 %, Sigma-Aldrich) was 

vacuum dried at 150 °C overnight in a Büchi glass oven. An electrolyte solution containing 

0.5 M LiTFSI in TEGDME was prepared in an argon-filled glovebox with a water and 

oxygen content less than 0.5 and 1.0 ppm, respectively. The water content of the electrolyte 

was confirmed to be < 10 ppm, as determined by a Karl Fischer titrator (Mettler Toledo).  

 

Cell assembly and galvanostatic cycling 

SwagelokTM-type stainless steel cells were used for battery testing which were assembled 

in an argon-filled glovebox. As illustrated in Fig. 1B, the cell was assembled by stacking 

a lithium anode, the electrolyte-filled glass fiber, the LAGP solid electrolyte, and the 

composite cathode. After purging the cell with pure O2 (5.0 Research, Prixair) for 10 s, it 

was sealed under 3 atm oxygen. The cell was placed in an oven at 150 °C for 2 h under 

open circuit conditions.  The electrochemical performance of cells was evaluated using a 

multi-channel Arbin instrument at a current density of 0.1 mA·cm-2 with a potential 

window between 2.6 and 3.5 V vs. Li/Li+. 

 

Physical characterization 

Powder XRD was performed on a Bruker D8-Advance powder diffractometer equipped 

with a Vantec-1 detector (Cu Kα radiation). The XRD patterns of the samples were 

collected using a gastight sample holder with a Kapton film window. UV-vis spectroscopy 

was performed on a Cary 300 Bio UV-visible spectrometer. Raman spectroscopy was 
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carried out on a Raman HORIBA HR800 equipped with a green laser (λ = 514 nm).  To 

measure gas evolution during cell operation, the Swagelok®-type cells were monitored with 

an on-line mass spectrometer (OEMS) system (RGA 200 Stanford Research Systems).  A 

continuous flow of Ar (5.0, Praxair) was used to sweep the gases evolved during the 

electrochemical process across a 50 mm diameter capillary. XPS analysis was performed 

on a Thermo VG Scientific ESCALAB 250. The samples were transferred to an XPS 

microprobe without air exposure. All spectra were fitted with Gaussian-Lorentzian 

functions and a Shirley-type background using CasaXPS software, and were calibrated 

with the C 1s photoemission peak at 285.0 eV. The Ni 2p doublet peaks were fit using 

equal full width at half maximum (FWHM), with a 2:1 area ratio and splitting of 17.5 eV 

between the Ni 2p3/2 and Ni 2p1/2, spin doublets respectively. Multiplet components were 

not considered when fitting the Ni 2p spectrum. SEM studies were carried out on a Zeiss 

Ultra field emission SEM instrument, and TEM was performed on a ZEISS Libra 200 MC 

instrument operating at 200 kV. GC-MS analysis was performed on an Agilent 5975B 

GC/MS. 
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S1. Chemical stability of Li2O and Li2O2 in DMSO 

 

Fig. S1. Quantitative GC-MS results of the reaction of DMSO with Li2O (red), and Li2O2 (blue) for 300 h, 

compared to neat DMSO (black). The GC trace shows the eluted fraction from the column that corresponds 

to DMSO2, as proven by MS analysis (inset).   

 

DMSO was chosen as a representative organic solvent to compare the chemical reactivity 

of Li2O with that of Li2O2.  DMSO was contacted with the same quantity of Li2O or Li2O2 

for 300 hours, and a standard aliquot was extracted and subjected to GC-MS analysis.  The 

results show that the same fraction of oxidized DMSO (DMSO2; (m/z = 94) (33) is present 

after reaction with Li2O as that in neat DMSO where it is present in trace amounts, 

indicating that Li2O does not oxidize the solvent.  In contrast, a significant quantity of 

DMSO2 is observed on reaction of DMSO with Li2O2, in complete accord with the results 

of Shao-horn et al.(9) on the reactivity of Li2O2 with DMSO.
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S2. Comparison of product crossover with and without the LAGP solid electrolyte 
 

Fig. S2. Comparison of product crossover with and without the LAGP solid electrolyte. (A) Schematic 

of a molten salt Li-O2 cell without LAGP electrolyte. (B) Photograph of cuvettes filled with solutions 

subjected to a Griess analysis to test for LiNO2; the solution were extracted from the different layers of the 

cell with two glass fiber separators (a,b) in place. (C) The corresponding UV-vis spectra of the cuvette 

solutions: the Griess test results in formation of a purple azo-dye in the presence of NO2
-, which exhibits a 

strong absorbance at 541 nm (see section S6.4). The cell was maintained at open circuit conditions (OCV) 

for 2 h prior to disassembly for analysis. (D) Comparison of cathodic products in the (black) absence and 

(red) presence of the LAGP solid electrolyte at OCV after 64 h. Black→ both separators (a,b) were glass 

fiber membranes; Red→one membrane (b) was LAGP.  The operating temperature was 150 °C.   

 

Fig. S2A shows the configuration of a molten salt Li-O2 cell with two layers of electrolyte-

filled glass fiber separators (a,b). After placing the cell at 150 oC under OCV conditions 

for 2 h, it was disassembled in a glovebox. Due to the reaction between the lithium anode 
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and molten nitrate (Eq. S1), Li2O and LiNO2 were formed on the surface of lithium and 

subsequently solubilized in the molten nitrate electrolyte. The LiNO2 content in each layer 

was quantified using UV-vis spectroscopy (for details see section S6-4). The diffusion of 

these species led to an uneven distribution of LiNO2 in each of the cell components as 

visually marked by the Griess test for LiNO2 in Fig. S2B and C. In addition, Li2O and 

LiNO2 reacted with the carbon cathode forming a Li2CO3 side product (Eq. S2 and S3). 

Analysis of Li2O and Li2CO3 is described below in section S6. 

 

To restrict the crossover of these byproducts and the formation of carbonate, a non-

porous LAGP solid electrolyte was used to substitute one separator layer (layer b in Fig. 

S2A). The cells were subject to the same conditions as above but held at 150 oC for 64 h. 

Fig. S2D shows that the cathode without LAGP protection contains considerable 

byproducts, but with the solid LAGP electrolyte in place, the byproducts total < 0.1 μmol.  

 

2Li + LiNO3 → Li2O + LiNO2         ΔrG
150° = -467.90 kJ∙mol-1 Eq. S1 

 

Li2O + C + O2 → Li2CO3        ΔrG
150° = -551.26 kJ∙mol-1 Eq. S2 

 

Li2O + C + 2LiNO3 → Li2CO3 + 2LiNO2         ΔrG
150° = -395.93 kJ∙mol-1 Eq. S3 
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S3. Characterization of the Ni-nitrate composite cathode 

 
Fig. S3. Characterization of the Ni-nitrate composite. (A) SEM image and the corresponding TEM image 

(inset). (B) XRD pattern. XPS spectra: (C) Ni 2p, (D) O 1s, and (E) Li 1s. Multiplet components were not 

considered when fitting the Ni 2p spectrum and only the lower binding components of the Ni 2p spectrum 

are displayed.  

 

As shown in Fig. S3A, the Ni-nitrate composite cathode is composed of Ni nanoparticles 

covered with a very thin layer of nitrate melt. XPS analysis revealed that Ni particles in the 

composite cathode are covered with two types of oxide species due to the oxidation of Ni 

by molten nitrate. The major peak at 855.4 eV in the Ni 2p spectrum (Fig. S3c) is assigned 

to Ni2O3 (34), evidenced by its corresponding O 1s peak at 531.9 eV in Fig. S3.  In addition, 

the formation of lithiated nickel (III) oxide (LixNiO2) contributes to its characteristic Ni 2p 

peak at 854.0 eV; O 1s peak at 529.6 eV; and Li 1s peak at 54.9 eV as described in the 

literature (35,36). The peak at 56.0 eV in the Li 1s spectrum is residual LiNO3 (37), 

attributed to incomplete washing of the sample. 
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S4. XPS analysis of the discharged carbon cathode   

Fig. S4. XPS spectra of a discharged carbon cathode: (A) O 1s and (B) Li 1s.  

 

Fig. S4 presents the XPS spectra of a fully discharged (2.6 V) carbon cathode. The peaks 

at 531.2 eV in the O 1s spectrum and at 54.5 eV in the Li 1s spectrum are assigned to Li2O2, 

consistent with its presence in the XRD pattern (Fig. 2B).  Two peaks are also observed at 

528.6 eV and 53.6 eV that are characteristic of Li2O (38).  As Li2O is not observed in the 

XRD pattern, we conclude it is amorphous.  
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S5. Determination of the solubility of Li2O in molten nitrate  

Fig. S5. Schematic diagram of the apparatus for measuring the solubility of Li2O in molten nitrate 

at 150 °C. 

 

The solubility of Li2O in the molten nitrate was measured using a home-made apparatus 

illustrated in Fig. S5. Commercial Li2O powder (1.0 g) was added to the LiNO3-KNO3
 

eutectic mixture (20 g) and placed in a glass beaker. The eutectic nitrate mixture (4 g) alone 

was also placed into a separate PTFE container whose bottom was sealed with a glass fiber 

membrane. The apparatus was assembled in an Ar-filled glovebox by inserting the PTFE 

container into the glass beaker. The apparatus was heated at 150 ºC under vacuum to melt 

the eutectic. A glass pipet was inserted into the PTFE container to extract the molten nitrate 

for the solubility measurement, and the amount of Li2O in the eutectic was quantified by 

titration (see section S6-3 for details). As shown in Table S1, the solubility of Li2O in 

molten nitrate was 27.6 mM at 150 °C.  

 
Table S1. Solubility of lithium oxide in Li/KNO3 molten salt electrolyte at 150 °C 

Time 24 h 48 h 72 h Average 

Solubility [mM] 30.8 23.3 28.8  27.6 ± 4.0 
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S6. Quantification of the discharge products  

Preparation of the discharged cathode sample.  After disassembling the cell, the cathode 

was removed from the glovebox and transferred into a glass vial filled with 3 mL water. 

After 5 min of ultrasonsication, the solution was filtered to remove any insoluble Ni 

nanoparticles. The resulting transparent solution was used for the quantification of Li2CO3, 

Li2O2, Li2O, and LiNO2. 

 

1. Li2CO3  

Theory. Lithium carbonate reacts with HCl to form CO2 (Eq. S4), which was detected by 

a mass-spectrometer (MS).  

Li2CO3 + 2HCl = 2LiCl + H2O + CO2 Eq. S4 

 

Calibration. The amount of CO2 was calibrated by diluting an Ar/CO2 gas mixture of 

known concentration (2000 ppm CO2, Praxair) with an additional Ar carrier gas prior to 

MS detection. As shown in Fig. S6-1A, the amount of CO2 was correlated to the intensity 

of the MS signal. The total gas flow was maintained at 5 mL∙min-1. By integrating the MS 

signal area, the total number of moles of CO2 (n𝐿𝑖2𝐶𝑂3
) was calculated using the standard 

curve (Fig. S6-1B) and Eq. S4. 
 

 
Fig. S6-1. Quantification of CO2. (A) Response of the MS signals at different CO2 concentrations and (B) 

the corresponding standard curve. 

 

Experimental. The cathodic solution (0.5 mL) was first introduced into a titration cell 

under Ar flow, followed by an injection of HCl (0.1M, 1 mL) into the cell using a syringe. 

The evolved CO2 which was detected by the mass-spectrometer. 
 

2. Li2O2 

Theory: The quantification of lithium peroxide was accomplished by first hydrolyzing 

Li2O2 to form LiOH and H2O2 (Eq. S5), followed by oxidation of TiOSO4 by hydrogen 

peroxide (Eq. S6). The final yellow colored product (TiO2SO4) has an adsorption peak at 

405 nm (39), which was detected by an UV-vis spectrometer.  

Li2O2 + 2H2O → 2LiOH + H2O2 Eq. S5 

H2O2 + TiOSO4 → TiO2SO4 + H2O Eq. S6 
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Calibration. To establish a standard curve, different concentrations of H2O2 were prepared 

by diluting a stock solution of H2O2 (30 wt. % in H2O, Sigma-Aldrich) in water. The precise 

concentration of H2O2 was determined by KMnO4 titration in the presence of H2SO4. The 

diluted H2O2 (0.5 mL) and TiOSO4 (0.5 mL, 15 wt. % in dilute sulfuric acid, Sigma-

Aldrich) were added to a 1.5 mL PMMA cuvette and the UV-vis spectrum was recorded. 

As shown in Fig. S6-2A, a peak at 405 nm corresponding to TiO2SO4 was detected at 

different concentrations of H2O2, was used to establish a standard curve (Fig. S6-2B). 
 

 
 

Fig. S6-2. Quantification of H2O2. (A) UV-vis spectrum of TiO2SO4 complex prepared with different 

concentrations of H2O2 and (B) the corresponding standard curve. 

 

Quantification. Similar to the standard solution, the cathodic solution (0.5 mL) and 

TiOSO4 solution (0.5 mL) were introduced in a PMMA cuvette for UV-vis spectroscopic 

analysis. 
 

3. Li2O 

Theory. The quantification of lithium oxide was accomplished by first hydrolyzing Li2O 

to form LiOH (Eq. S7) that was titrated with HCl (Eq. S8).  Contribution to the total 

alkalinity (n𝑎𝑙𝑙) of the solution was via hydrolysis of three components: Li2CO3 (n𝐿𝑖2𝐶𝑂3
), 

Li2O2 (n𝐿𝑖2𝑂2
), and Li2O (n𝐿𝑖2𝑂). Prior knowledge of the total amount of Li2CO3 and Li2O2 

in the solution enables us to calculate the total amount of Li2O as shown in Eq. S9 

Li2O + H2O = 2LiOH Eq. S7 

LiOH + HCl = LiCl2 + H2O   Eq. S8 

n𝐿𝑖2𝑂 =
1

2
(n𝑎𝑙𝑙 − 2n𝐿𝑖2𝑂2

− 2n𝐿𝑖2𝐶𝑂3
)        Eq. S9 

 

Calibration. A series of HCl standard solutions were prepared by diluting a stock HCl 

solution (37 wt. %, Sigma-Aldrich) in deionized water. The concentration of HCl in the 

standard solutions was determined by titration using Na2CO3 (≥ 99.5 % anhydrous, Sigma-

Aldich). The endpoint of titration was determined by the color change of a double indicator 

(Bromocresol Green/Methyl Red, Sigma-Aldrich) from blue to pink. 

 

Experimental. The total alkalinity (n𝑎𝑙𝑙) in the cathode solution (1 mL) was obtained by 

titrating it with the HCl standard solution until the indicator changed color.  
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4. LiNO2 

Theory. The nitrite concentration was quantified by a Griess test illustrated in Fig. S6-4A. 

Nitrite reacts with sulfanilic acid to form a diazonium salt (step 1), which was then reacts 

with a Griess reagent (N-(1-naphthyl)ethylenediamine dihydrochloride) to form a purple-

colored azo dye (step 2) which has an absorbance at 541 nm (40). 
 

 
Fig. S6-4. Quantification of LiNO2. (A) Schematic diagram for the nitrite quantification via Griess reaction. 

(B) UV-vis spectra of the purple azo dye solution prepared at different concentrations of NaNO2 and (C) the 

corresponding standard curve.  

 

Calibration. To establish a standard curve, different concentrations of aqueous NaNO2 

(0.25 mL, 99.999 %, Sigma-Aldrich) solution and sulfanilic acid (0.5 mL, ≥99.0 %, Sigma-

Aldrich) were mixed in a 1.5 mL PMMA cuvette. A N-(1-naphthyl)ethylenediamine 

dihydrochloride aqueous solution (0.25 mL) was then introduced to the same cuvette to 

afford a purple colored solution. As shown in Fig. S6-4B, a peak at 541 nm corresponding 

to the azo dye was detected at different concentrations of NaNO2, (Fig. S6-4C) to establish 

a standard curve via the Beer-Lambert law. 

 

Quantification of LiNO2. The cathodic solution (0.25 ml) used for quantifying LiNO2 

followed the same procedure described in the calibration step. 
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S7. Electrochemical reversibility of the carbon cathode 

 Fig. S7 Charge profile and the corresponding MS results of the Li-O2 cells using carbon cathodes pre-filled 

with (A) Li2O and (B) Li2CO3. The charge current was 0.1 mA·cm-2. 

 

To examine the electrochemical reversibility of Li2O and Li2CO3 on a carbon cathode, 

SuperP carbon cathodes were pre-filled with either 1 mg of commercial Li2O or Li2CO3 

powders. Gaseous products were monitored by an online MS while charging the cells using 

these pre-filled cathodes. As shown in Fig. S7A, the charge profile of the cell pre-filled 

with Li2O presented two voltage plateaus at 3 and 3.75 V. Although oxygen did not evolve, 

signals corresponding to CO2 and NO were identified at potentials above 3.4 V. In contrast 

to the chemically stable Ni-nitrate composite cathode, the carbon cathode reacted with 

lithium oxide and the molten-nitrate to form Li2CO3 and LiNO2 (Eq. 3 and 4). The cell pre-

filled with Li2CO3 exhibited a charge plateau at 4 V (Fig. S7B). Similarly, oxygen was not 

detected but CO2 and NO signals were observed. This suggests that the molten nitrate 

electrolyte decomposed in parallel to the oxidation of Li2CO3. Hence, the formation of both 

Li2O and Li2CO3 is electrochemically irreversible on a carbon cathode. 
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S8. Passivation of the carbon cathode by lithium carbonate  

Fig. S8. XRD pattern (A) and SEM image (B) of a carbon cathode after cell degradation. Crystalline needles 

of Li2CO3 were formed, which passivated the carbon electrode. 
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S9. Cycling performance of Li-O2 cell with Ni-nitrate cathode at a current density 

of 0.1 mA·cm-2 
 

Fig. S9. Cycling performance of a molten salt electrolyte Li-O2 cell with the Ni-nitrate composite cathode at 

an applied current of 0.1 mA∙cm-2, showing a similar profile as full discharge (Fig 2A) recorded at the same 

current density. The polarization (0.16 V) after the first cycle is slightly lower than in Fig 2A (0.2 V) since 

here, the capacity is limited.   
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S10. Degradation of LAGP on cycling 

 

Fig. S10. Visual inspection of the anodic side of the LAGP electrolyte layer after cell cycling. (A) 

Photograph showing black spots and cracks on the surface of the membrane and (B) SEM image of a black 

spot showing its porous structure. (C) Impedance spectra of the LAGP (black) before and (red) after cycling 

for 50 cycles. 
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S11. Analysis of Li2O2 in the charge cathode pre-filled with Li2O 

Fig. S11 (A) Charge profile of a Li-O2 cell with a Ni-nitrate composite cathode pre-filled with commercial 

Li2O. The charge cut-off was set at a capacity of 0.4 mA·h·cm-2 (B) UV-vis spectra of the corresponding 

charged cathode indicates the absence of Li2O2. The charge current density was 0.2 mA·cm-2 

 

To examine the possibility of formation of Li2O2 as an intermediate upon charge, a molten 

electrolyte cell using a Ni-nitrate composite cathode pre-filled with commercial Li2O 

powder was charged to 0.4 mA·h·cm-2 (Fig. S11 A). After charge, the cell was rapidly 

disassembled in a glovebox and the peroxide content in the charged cathode was analyzed 

by UV-vis spectroscopy as demonstrated in S6. The lack of a peak at 408 nm indicates that 

Li2O2 is not formed on charging, but rather Li2O is directly oxidized to O2 (Fig. S11B).  
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