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Figure S1. UV-Vis spectra of DMA. (a) Absorbance spectrum; (b) fluorescence spectrum. 

Electronic Supplementary Material (ESI) for Energy & Environmental Science.
This journal is © The Royal Society of Chemistry 2020



S2 

 

 

 

Figure S2. Layout of the components inside the custom-designed operando UV-Vis spectroscopy cell. 

From top to bottom is: lithium disk (Ø 16 mm), quartz fibre disk (Ø 14 mm) soaked with 90 ul 0.1 M 

LiTFSI in diglyme, Li+-conducting solid electrolyte (LAGP, see Experimental methods for synthesis 

procedure) disk (Ø 19 mm), carbon paper disk (H2315, Ø 10 mm) and stainless steel mesh (Ø 10 mm) 

soaked with 20 ul 20 mM DMA and 1 M LiTFSI in diglyme, quartz window (Ø 4 mm), optical fiber probe. 

Cell components are placed in contact, while they are drawn apart here for clarity. 
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Figure S3. operando UV-Vis absorbance at 379 nm during oxidation of (a) 2 mM TEMPO and (b) 10 mM 

TEMPO. The spectra were recorded in 2 mM TEMPO - 20 mM DMA - 1 M LiTFSI - diglyme electrolyte 

and 10 mM TEMPO - 20 mM DMA - 1 M LiTFSI - diglyme electrolyte. This absorbance rise in panel b is 

equivalent to absorbance by 0.6 mM DMA concentration. 

. 
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Figure S4. Operando UV-Vis spectroscopy characterizing DMA consumption during charge with 10 mM 

TEMPO. Overall, the detected DMA consumption throughout charging is negligible. The background 

contribution of 10 mM TEMPO during charging is shown in Figure S3. 
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Figure S5. operando UV-Vis absorbance at 379 nm during oxidation of LiI. The spectrum was recorded in 

10 mM LiI - 1 M LiTFSI - diglyme electrolyte. 

 

Figure S6. operando UV-Vis absorbance at 379 nm during oxidation of LiBr. The spectrum was recorded 

in 10 mM LiBr - 1 M LiTFSI - diglyme electrolyte. 
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Figure S7. Voltage and gas evolution profiles during charging with various concentrations of DMA in the 

electrolyte. 

 

 

Figure S8. A comparison of the 1O2 yield and average charge potential of the six redox mediators 

investigated in this work. 
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Figure S9. A comparison of the DMA consumption rates at various potentials when different TEMPO 

concentrations are used in Figure 2. For both cells, 1O2 generation rate is not a monotone function of voltage. 
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Table S1 Absorbance of species in the electrolyte 

Species 
Absorbance at 379 

nm (mM-1 mm-1) 
Electrolyte 

Percentage of absorbance by 

DMA in the electrolyte 

DMA 1.040 20 mM DMA  100.00% 

TEMPO 0.0051 20 mM DMA + 2 mM TEMPO 99.95% 

LiI 0.0027 20 mM DMA + 10 mM LiI 99.87% 

LiBr 0.0000 20 mM DMA + 10 mM LiBr 100.00% 
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Supplementary Note 1 

Three rate constants are used in literature to describe the reactivity of a molecule with 1O2: 

(1) Reversible 1O2 quenching rate constants kq of a molecule, e.g. a quencher Q: 

𝑄 + 𝑂2
 

 
1

𝑘𝑞
→ 𝑄 + 𝑂2

 
 
3  

(2) Irreversible 1O2 reaction rate constants kr of a molecule, e.g. a trap T: 

𝑇 + 𝑂2
 

 
1

𝑘𝑟
→ 𝑇𝑂2 

(3) Total rate constant kt of a molecule: 

kt = kq + kr 

An ideal 1O2 quencher displays kr = 0, while an ideal 1O2 trap displays kq = 0. 

To quantitatively describe the 1O2 suppression capability of mediators, we define the 1O2 suppression rate 

constants ksup of the redox mediators as the equivalent kq if the mediators were to quench 1O2 like quenchers, 

which can be used to compare with the 1O2 quenching rate constant kq of a quencher. 

We estimate these rate constants relative to the total reaction rate constant of DMA kt, DMA.1 Since kt, DMA in 

the diglyme-based electrolyte we are using has not been reported, we use an average of the values reported 

in four solvents (ranging from 2.1×107 M-1 s-1 to 9.3×107 M-1 s-1), i.e. 6.75×107 M-1 s-1.2 

In the cell without mediators, we assume that most of 1O2 react with DMA after generation, i.e. negligible 

amount of 1O2 has reacted with electrolyte or decayed itself, which is a reasonable assumption given the 

high DMA concentration we used and its fast reaction kinetics. Then the amount of DMA-O2 generation 

without mediators equals to the total amount of 1O2 generation:  

𝑛𝐷𝑀𝐴−𝑂2, 𝑤/𝑜 𝑅𝑀 = 𝑛1𝑂2   (1) 

In the cell with mediators, DMA and the virtual quenchers (mediators) compete for 1O2, the amount of 

DMA-O2 with mediators is: 

𝑛𝐷𝑀𝐴−𝑂2, 𝑤/ 𝑅𝑀 = 𝑛1𝑂2 ∗
𝑘𝑡,𝐷𝑀𝐴∗𝑐𝐷𝑀𝐴

𝑘𝑡,𝐷𝑀𝐴∗𝑐𝐷𝑀𝐴+𝑘𝑠𝑢𝑝∗𝑐𝑅𝑀
    (2) 

Where cDMA and cRM are the concentrations of DMA and mediators, respectively.  

From equations (1) and (2), the 1O2 suppression rate constants of the redox mediators ksup can be obtained: 

𝑘𝑠𝑢𝑝 = (
𝑛𝐷𝑀𝐴−𝑂2, 𝑤/𝑜 𝑅𝑀

𝑛𝐷𝑀𝐴−𝑂2, 𝑤/ 𝑅𝑀
− 1) ∗

𝑐𝐷𝑀𝐴

𝑐𝑅𝑀
∗ 𝑘𝑡,𝐷𝑀𝐴    (3) 
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Supplementary Note 2 

The total reaction rate (including irreversible decomposition reaction rate and reversible quenching reaction 

rate) constants kt between mediators and 1O2 are plotted together with ksup : 

 

Figure S10. 1O2 suppression rate constants of the redox mediators ksup estimated from the DMA-O2 

quantification data, and the total reaction rate constants of mediators kt. kt of LiI and TEMPO are taken 

from literature.3, 4 LiBr was reported to show no quenching effect or a rate constant < 106 M-1 s-1.3 We 

measured kt of TDPA, DMPZ and ADAZO following the method described below. 

Similar to the estimation of ksup (equation 3), kt of TDPA, DMPZ and ADAZO are estimated relative to kt, 

DMA : 

𝑘𝑡 = (
𝑛𝐷𝑀𝐴−𝑂2, 𝑤/𝑜 𝑅𝑀

𝑛𝐷𝑀𝐴−𝑂2, 𝑤/ 𝑅𝑀
− 1) ∗

𝑐𝐷𝑀𝐴

𝑐𝑅𝑀
∗ 𝑘𝑡,𝐷𝑀𝐴    (4) 

An excess amount of KO2 powder is added into solutions of 0.2 M TBAClO4 and 1 mM DMA and 1 M 

LiTFSI in diglyme, without or with 1 mM RM (RM=TDPA, DMPZ or ADAZO). Upon mixing of the 

powder with the solutions, Li+ catalyses KO2 disproportionation, which generates singlet oxygen and is 

promoted by TBA+.5 After reaction, the amounts of DMA consumption without and with mediators (Figure 

S8) determined using UV-Vis spectrometry at 379 nm (with the absorbances of mediators subtracted) are 

used to estimate kt according to equation (4). This ex situ experiment may not accurately determine the kt 

of these mediators; however, it gives a reasonable estimation of their order of magnitude. 
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Figure S11. The amounts of DMA consumption without and with mediators after reaction. 
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