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Experiment

Electrode preparation

5 mL 4 mg mL-1 GO aqueous solution was mixed with 5 mL 0.13 mol L-1 alkali 

(LiOH) aqueous solution. The mixed solution was sealed in a hydrothermal reactor, and 

then carried out at 180 C for 5 h.1 Then the achieved OR-rGO was dialyzed with pure 

water for two days. Afterwards, the OR-rGO was shrinked in air for 30h and then 
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freeze-dried. As shown in Figure 1B, the area of OR-rGO we prepared was about 1.1 

cm2 (±0.1), the weight of it was about 8 mg (±1).

The heat treatment process is as follows: put OR-rGO in a glass tube of a tube furnace, 

replace the air in the glass tube with Ar, and then increase the temperature of the tube 

furnace from room temperature to 400 ˚C at a rate of 5 ˚C min-1. Keep it at 400 ˚C for 

5 hours, then cool to room temperature. The OR-rGO conducted with heat treatment 

was named as h-rGO.

Cell assembly 

At first, the cathode was preloaded with Li2O2/LiO2/O2
- through a discharging 

process in a semi-open cell filled with O2 gas, the operation process is shown in Figure 

1A. The semi-open battery was assembled by stacking Lithium (diameter:16 mm, 

thickness: 2mm) /separator/OR-rGO/carbon fabric into a 2025 coin cell with punched 

hole on the positive shell and then pressing. The electrolyte solution was 1 M LiCF3SO3 

dissolved in tetraethylene glycol dimethyl ether (TEGDME). Then the battery was 

transferred into a vessel filled with O2. Afterwards, it was carried out with discharge 

process at 0.1 mA cm-2. Then the battery was disassembled and the cathode preloaded 

with discharge product was sealed into a 2025 coin cell stacked between 

Lithium/separator and carbon fabric. LiCF3SO3/TEGDME or LiTFSI–2% LiNO3/1,3-

dioxolane–dimethoxy ethane (DOL–DME) was used in sealed batteries. All battery 

assembly and disassembly operations were performed in a Ar-filled glove box.
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Characterization of OR-rGO

SEM was taken with Hitachi S-4800 Scanning electron microscope. OR-rGO was 

fixed on a sample stage by conducting resin and the image was obtained under 15 kV. 

N2 adsorption-desorption test was performed on Autosorb-iQ to further characterize the 

specific surface area and pore size distribution of OR-rGO. The XPS measurement was 

displayed on ESCALAB 250Xi X-ray Photoelectron Spectrometer. FTIR was 

performed on Nicolet iS50 in the transmittance mode. OR-rGO was mixed with KBr 

and ground in an agate mortar. Then the mixture was pressed into flakes for FTIR 

measurement. 

In situ Raman spectra

The in situ Raman spectra were recorded using a Witec instrument conducted with a 

laser at 632.75 nm wavelength which was focused on the cathode surface through a ×50 

long working distance lens. The OR-rGO cathode which had been discharged in a Li-

O2 battery for 22h was assemble with Li anode into a battery case with a big hole on 

the cathode side to permit the Raman laser. Then the cell was transferred to a homemade 

in situ Raman cell (Renbin Group) and the cathode was placed on the face of the quartz 

window for laser to pass through. The power of the laser beam delivered to the cathode 

surface was roughly 2.5 mW and the Raman spectrum acquisition time was typically 

30s with two accumulations. The spectral resolution of the Raman spectra in the study 
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was approximately 1.0 cm −1. Then the in situ Raman was observed during the charge-

discharge test at a current density of 0.1 mA cm-2 and a cutoff capacity of 0.8 mAh 

cm-2. 

Online electrochemical mass spectrometry

Gas generation from the sealed Lithium-superoxide battery during charge-discharge 

process was determined through an online electrochemical mass spectrometry (OEMS). 

We use He flow (5 mL min-1) to purge the gas generated during charge-discharge 

process at a current density of 0.1 mA cm-2 from the test cell to the mass spectrometer 

(Agilent 5975C). 

Computation method

All spin-polarized computations were carried out by ORCA in this study. 2-3 The 6-

31G(d,p) basis set and the B3LYP functional were applied to optimize geometries and 

obtain Raman intensities. 4-6 The dispersion correction was considered for all the 

computations.7-8The dipole correction was carried out. The C42H15 graphene fragment 

was used to represent the basic structure of graphene. The adsorption energy was 

calculated according to the equation:

    (1)                                                                                                              
𝐸𝑎𝑑𝑠 =  𝐸 ∗ 𝐿𝑖𝑂2

‒  𝐸 ∗ ‒ 𝐸𝐿𝑖𝑂2

Where * were related to the graphene models for the LiO2 adsorption.

A Structure visualization software named vesta was applied.9
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Figure S1. (a) Discharge curve of the semi-open Li-O2 battery with OR-rGO as cathode 

at current density of 0.1 mA cm−2 for 22 h; (b) SEM image of OR-rGO; (c) BET N2 

adsorption/desorption isotherm of OR-rGO, the insert is the corresponding pore 

distribution of OR-rGO.
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Figure S2. TEM image of (a) OR-rGO and (b) LiOx/OR-rGO; (d) X-ray diffraction 

(XRD) pattern of LiOx/OR-rGO cathode; (e) SEM image of LiOx/h-rGO cathode.
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Figure S3. Full spectrum of in-situ Raman spectra of the LiOx/OR-rGO cathode during 

discharge charge process respectively at 1.5h/4h/8h and charge process respectively at 

1h/2h/8h.
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Figure S4. Voltage–time profiles of Li/Li symmetric cells with LiSO3CF3/TEGDME 

as electrolyte (a) at a current density of 0.1 mA cm-2 and (b) at a current density of 0.5 

mA cm-2; (c) Voltage–time profiles of Li/Li symmetric cell with LiTFSI-

2%LiNO3/DOL-DME as electrolyte at a current density of 0.5 mA cm-2.
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Figure S5. OEMS results of gas evolution rate (Rate) in discharge-charge processes 

within a voltage window (1.9 V-3.65 V) of a Li-LiOx battery with a LiOx/OR-rGO 

cathode predischarged in O2 for 24h with binary electrolyte of LiCF3SO3/TEGDME 

and LiTFSI-2%LiNO3/DOL-DME.
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