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Additional Experimental Methods 

Fabrication of Reference Catalysts (Pt/C and NiCo2O4) 

The NiCo2O4 inverse spinel was synthesized by a combustion method utilizing glycine as 

the fuel and nitrate as the oxidizer.1 The metal nitrate precursors, Co(NO3)2.6H2O (6 mmol) 

(98%, Sigma-Aldrich) and Ni(NO3)2.6H2O (3 mmol) (≥97%, Sigma-Aldrich), and glycine (4.5 

mmol) (≥98.5%, Alfa Aesar) were dissolved in deionized water (50 mL) in an alumina beaker. 

The water was slowly evaporated on a hotplate to form a viscous gel. The gel was allowed to 

undergo rapid combustion by adding the beaker to a preheated oven at 300 °C and annealed at 

the same temperature for 4 hours.  

Vulcan XC72 carbon black (Cabot Corp.) was used as the support material for the Pt/C 

catalyst in this study. To improve its hydrophilicity, the carbon black was treated with ozone for 

1 h by bubbling ozone into a water/carbon mixture. The Pt catalysts were prepared using a room 

temperature impregnation method. The metal precursor used was H2PtCl6.6H2O (Alfa Aesar, 

99.9%). A 0.025 M solution of this salt was prepared in deionized water. The metal precursor 

solution, water (50 mL), and carbon (0.5 g) were mixed such that the coating load was 20 wt % 

metal. This mixture was sonicated for 30 min. Using 1 M NaOH, the pH was adjusted to between 

9.5 and 10, and the mixture was stirred for 5 minutes. The reducing agent (5x excess of 0.05 M 



NaBH4) was added dropwise while continuously stirring. The mixture was allowed to react for 1 

h then neutralized with 3 M HCl before the catalysts were filtered with 0.2µm nylon membrane 

and washed with pure water. The catalyst was finally dried in a drying oven at 100°C for 12 h. 

Aqueous Rotating Disk Electrode Studies 

Catalyst inks were prepared by homogeneously dispersing the prepared catalyst and/or 

Vulcan XC72 carbon black (Cabot Corp.) in 1 mL of NMP solution containing K+-ion 

exchanged Nafion (Nafion-K). The Nafion-K was prepared in house according to the procedure 

outlined elsewhere.2,3 Vulcan XC72 was mixed with each catalyst in the same ratio (80:20 

carbon:catalyst) to avoid issues of conductivity. Dispersions were prepared with Nafion-

K:Carbon mass ratio of 1:2. A glassy carbon electrode (Pine Instruments, Co., 0.196 cm2) was 

coated with the ink and dried at 100 °C for 24 hours to obtain coating loads of 250 µg/cm2. The 

electrochemical experiments were performed with a three-electrode cell gas-flow enabled setup 

consisting of the coated glassy carbon electrode as the working electrode, a Pt wire counter 

electrode, and a double junction Ag/AgCl (3 M KCl) reference electrode. The experiments were 

controlled with a VMP3 potentiostat and EC-Lab® software (Bio-Logic Science Instruments). 

The electrolyte used was oxygen-saturated 0.1 M KOH and all experiments were performed at 

room temperature. Prior to analysis of the catalysts, under argon atmosphere, cyclic voltammetry 

was used to clean the electrode surface by cycling in the range of -0.8 V to 0.2 V vs. Ag/AgCl at 

100 mV/s until a steady-state voltammogram was obtained. The rotating disk electrode linear 

sweep voltammograms were corrected for capacitance by subtracting the background current 

acquired under argon atmosphere. 

 

 



Preparation and Galvanostatic Charging of Pre-Loaded Electrodes 

 Lithium peroxide (90%, Sigma-Aldrich) was used as received. The actual purity of this 

powder was determined to be 83.4% by iodometric titration.4 The e-/Li2O2 ratio (Figure 11a,b), 

calculated by the electrical charge passed and the mass of Li2O2 in the electrode, was adjusted 

based on this value of purity. The other powders used were lithium carbonate (99.997%, 

Aldrich), lithium hydroxide (anhydrous, 98%, Alfa Aesar), and sodium formate (99.0%, Sigma-

Aldrich). These powders were physically mixed with Vulcan XC72 (Cabot Corp.) or lead 

ruthenium oxide pyrochlore and a PTFE dispersion in 2-propanol. The resulting paste was spread 

onto Ti mesh (100 mesh, Alfa Aesar) disk substrates (1 cm2). These formed electrodes were 

finally dried at room temperature under vacuum. The mass ratios of carbon:active 

compound:PTFE and pyrochlore:active compound:PTFE were 4:1:1 and 10:1:0.5 in all cases.     

 Galvanostatic charging of the electrodes pre-filled with Li2O2 or the various known 

discharge side-products was carried out using a modified Swagelok™ design with 1 M lithium 

bis(trifluoromethanesulfonyl) imide (LiTFSI, Novolyte) in tetraethylene glycol dimethyl ether 

(TEGDME, 99%, Sigma-Aldrich, distilled) as the electrolyte. The water content of the 

electrolyte was ensured to be <1 ppm by the Karl Fischer titration method with a C30 

Coulometer (Mettler Toledo). Cells were assembled in an argon filled glovebox with a lithium 

metal counter electrode, three porous separators (Millipore glass fiber), and the as-prepared pre-

filled electrodes as the working electrodes. The electrolyte (200 µL) was added to the separators 

during cell assembly. The cells were equilibrated at open circuit for 6 h before testing and were 

controlled with a BT2000 battery cycler (Arbin Instruments). All cells were charged at room 

temperature (25±2°C) at a current density of 50 µA/cm2. 

 

 



 

 

 

 

 

 

Figure S1. EDX analysis on the mesoporous lead ruthenate pyrochlore, demonstrating that the 

Pb:Ru ratio is 1.03.  
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