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Figure S1. SEM images of (a) commercial Li2O2 powder, (b) carbon-PTFE-Li2O2 composite 

electrode. 

(a) 

(b) 



 

Figure S2. The gas evolution monitored by OEMS of a Li2O2-loaded 
13

C electrode charged at a 

current of 150 µA. The voltage profile is similar to the Vulcan XC72 electrodes shown in Figure 

2. Both 
12

CO2 (from electrolyte decomposition) and 
13

CO2 (from carbon oxidation) evolution are 

observed at the end of charge. 
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Figure S3. The catalytic activity of TiN for the oxygen reduction (a) and evolution (b) reactions 

in non-aqueous O2-saturated 0.1 M LiPF6/TEGDME electrolyte. The oxygen reduction activity 

in (a) was probed using chronoamperometry with an applied voltage of 2.25 V vs. Li/Li
+
. The 

oxygen evolution activity in (b) was determined with linear sweep voltammetry at a scan rate of 

0.5 mV/s to 4.75 V vs. Li/Li
+
 after a layer of Li2O2 was formed in (a). The background curves 

performed under argon are displayed with black lines and the experiments performed under O2 

flow with red lines. Due to the increased reduction current in (a) under O2 relative to Ar, oxygen 

reduction occurs, however, in (b) no oxidation peaks are visible, indicating the reverse oxygen 

evolution reaction does not occur.  



 

 

Figure S4. The voltage profiles of the 1
st
 discharge/charge cycle and corresponding Nyquist 

plots from electrochemical impedance spectroscopy taken at various points indicated for Vulcan 

XC72 (a,b) and TiN (c,d). Both cells were cycled in 1 M LiTFSI/TEGDME. The Vulcan XC72 

was cycled at 50 µA/cm
2
 and the TiN was cycled at 200 µA/cm

2
. These current densities were 

chosen such that the Li2O2 formed during discharge had film morphology in both cases as 

monitored by SEM (not shown).  

 

Discussion of Figure S4: 

The discharge plateau is at a lower voltage for TiN than carbon. Although the discharge reaction 

seems to be less sensitive to the surface chemistry of the electrode material than the charge 

reaction (solution based reactants vs. solid reactants), this voltage is attributed to differences in 

the charge transfer resistance. Before discharge (red curve), the Vulcan XC72 electrode exhibits 

a lower impedance than the TiN electrode due to the oxidized surface of the TiN nanoparticles 

(see Figure S6).  After discharge, the Li2O2 film causes an increase in the charge transfer 

resistance to ~800 Ω for both electrodes (blue curve). Upon initial change in polarization to 

anodic current, the impedance for the carbon remains the same, whereas that of the TiN electrode 

increases dramatically (brown curve).  This causes the voltage to reach the upper limit of 4.7 V, 

thus ending charge. The carbon is capable of fully charging below 4.7 V and the Zyquist curve 

(green curve) overlays with the original, demonstrating the complete removal of the Li2O2 film. 
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Figure S5. (a) The gas evolution monitored by OEMS of Li2O2-loaded TiC-B electrodes charged 

at a current density of 75 µA/cm
2
 in 1 M LiTFSI/TEGDME (solid lines) and 0.5 M 

LiClO4/DMSO (dashed lines). (b) The total integrated O2 signal (m/z=32) evolved from the cells 

in (a) along with the electrons passed.  

 

 



 

 

 

 

Figure S6. The powder XRD patterns (a) and SEM images (b) of the two commercial TiC-A and 

TiC-B nanopowders. The red SEM image corresponds to TiC-A and the blue to TiC-B.   

 

 

 



 

Figure S7. The Ti 2p XPS spectra for TiN nanopowder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S8. Cyclic voltammograms at a scan rate of 100 mV/s in 0.1 M TBAP/MeCN + 3 mM 

ferrocene on electrodes made from TiC-A (red) and TiC-B (blue). The solid curves are 

electrodes fabricated with TiC-A (or TiC-B) and PTFE binder (4:1) on a SS mesh disk which 

were dried at room temperature under vacuum. The dashed red voltammogram is for a TiC-A 

electrode which was vacuum annealed at 300 °C.  

 

Discussion of Figure S8: 

It was found that the TiOC/TiO2 surface coating on the TiC-A particles could be removed by 

vacuum annealing at 300 °C in order to provide sufficient electron transfer, as probed by the 

ferrocene/ferrocenium redox couple shown above (dashed red voltammogram). Vacuum 

annealing of the TiC-B, which already lacks the impeding oxide layer, had an identical CV to 

that shown in blue.  

By charging Li2O2-filled electrodes of TiC-B under both argon and oxygen environments yielded 

identical voltage profiles to that of Figure 4. The attempt to oxidize the TiC-B under a pure 

oxygen environment was unsuccessful. These results indicate that it is difficult to oxidize the 

TiC-B material at ambient temperature, indicating that the surface oxide layer on TiC-A must be 

a result of the conditions used for its commercial production. 

 



Table S1. Comparison of Li2O2 purity in electrochemically discharged electrodes versus 

electrodes pre-filled with commercial Li2O2 powder  

Electrode: Conditions Average Purity of Li2O2 (%) 

Vulcan XC72 electrode:  

Discharged at 25 µA/cm
2
 in 1 M LiTFSI/TEGDME 

82 

Vulcan XC72-Li2O2-PTFE (4:1:1) pre-loaded electrode  85 

 

Discussion of Table S1:  

The purity of the commercial Li2O2 powder was determined to be 88 % by iodometric titrations. 

After exposure to 2-propanol followed by vacuum drying at room temperature - under the same 

conditions and timescale as preparing the prefilled electrodes - the purity of Li2O2 remains at 88 

%. This indicates that Li2O2 does not react with dry 2-propanol to a measurable degree. After the 

prefilled electrodes are prepared, however, the purity decreases by 3 %, which can be attributed 

to the reaction between Li2O2 and carbon. After fully discharging carbon electrodes in 1 M 

LiTFSI/TEGDME electrolyte, the fraction of Li2O2 formed is 82 % (determined by an average of 

several different electrodes) based on the total electrical charge passed during the galvanostatic 

discharge.  

 

Details of Li2O2 Quantification: 

Lithium peroxide reacts with water to form hydrogen peroxide according to the equation below:
1
 

Li2O2
 
+ 2H2O → 2LiOH + H2O2 

In a chemical reaction involving H2O2 and I
-
, the former is reduced to water and the latter is 

oxidized to iodine, which can then be titrated using standard thiosulfate solution to quantify the 

peroxide concentration. The net reaction between peroxide and iodide can be written as follows: 

H2O2 + 3I
-
 + 2H

+
 ↔ 2H2O + I3

-
 

This reaction is slow without a catalyst but can be quite fast in the presence of catalysts such as 

Mo(VI) and excess I
-
 that forces the reaction to proceed to the right resulting in the formation of 

I3
-
. The I3

- 
is titrated using thiosulfate based on the following reaction: 

I3
- 
+ 2Na2S2O3 → Na2S4O6 + 2NaI 

In a standard iodometric estimation of H2O2, one reacts iodide in an acidic media,
2
 which is 

known to catalyze the chemical disproportionation peroxide to water and oxygen. Furthermore, 

iodide is prone to oxidation at acidic pH by air exposure. Both these process are likely to 



introduce significant error in the peroxide quantification. Therefore, in our work, we have 

adopted a modified iodometric method employing a pH neutral iodide-phosphate buffer reaction 

media that maintains a steady supply of protons for the peroxide-iodide reaction, while keeping 

the pH constant. Neutral pH suppresses peroxide disproportionation along with decelerating the 

areal oxidation of iodide. The inhibition of aerial oxidation of iodide was evident from the 

unchanged color of the post titration solution (colorless) even hours after the titration. In a 

standard iodometric procedure, the post titration solution turns blue very quickly from the 

oxidation of I
-
 to I2 that bind to starch to give the blue color. 

The buffer-catalyst solution was prepared by dissolving 65 mg of (NH4)6Mo7O24•4H2O 

(ammonium heptamolybdate) along with 0.11 mol of H2PO4
-
 and 0.03 mol of HPO4

2-
 in 500 ml 

of Millipore water. Adding 67 g of KI to this buffer solution and diluting it to 1 L resulted in the 

reagent buffer solution, which was freshly prepared before use. 

For the chemical purity estimation of Li2O2, a known mass was dissolved in 500 ml of Milli-Q 

water (Millipore Corporation, 18.2 MΩ.cm) in a volumetric flask. To a 25 mL aliquot of this 

solution, 25 mL of water and 50 mL of reagent buffer solution was added. The mixed solution 

immediately turned yellow indicating the liberation of iodine, which was titrated with 

standardized thiosulfate solution till a straw yellow color. The titration was continued after 

adding starch indicator solution with the end point showing a color change from blue-violet to 

colorless. To determine any decomposition of Li2O2 as a result of mixing it with isopropanol 

during loaded cathode fabrication process, a fixed amount of Li2O2 was mixed with isopropanol 

thoroughly for ~ 10 minutes. The Li2O2 was then dried under vacuum to remove the isopropanol 

before undergoing the above titration protocol. 

Typically the aged loaded cathodes (with VC) and the cathodes extracted from a discharged cell 

were transferred out of a glove-box in a sealed vial. Water (5-10 mL) was added to the vial and 

the vial content was vigorously shaken before transferring the contents to a beaker containing 

reagent buffer solution and water. Quantitative titration of the peroxide was performed following 

the procedure stated above. The effect of cathode support and LiTFSI-TEGDME electrolyte on 

the titration outcome was neglected.2  

 

 

 

 

 

 

BA
Sticky Note
Superscript reference.

Linda Nazar
Cross-Out

Linda Nazar
Replacement Text
aerial



References 

                                                           

1.  Hartmann, P.; Bender, C. L.; Sann, J.; Dürr, A. K.; Jansen, M.; Janek, J.; Adelhelm, P. A 

Comprehensive Study on the Cell Chemistry of the Sodium Superoxide (NaO2) Battery. 

Phys. Chem. Chem. Phys. 2013, 15, 11661-11672.  

2.  McCloskey, B. D.; Valery, A.; Luntz, A. C.; Gowda, S. R.; Wallraff, G. M.; Garcia, J. 

M.; Mori, T.; Krupp, L. E. Combining Accurate O2 and Li2O2 Assays to Separate 

Discharge and Charge Stability Limitations in Nonaqueous Li−O2 Batteries. J. Phys. 

Chem. Lett. 2013, 4, 2989−2993. 




