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Abstract: Li-O2 batteries with ultrahigh theoretical energy densities 

usually suffer from low practical discharge capacities and inferior 

cycling stability owing to the cathode passivation caused by insulating 

discharge products and by-products. Here, we firstly introduce a new 

kind of trifunctional ether-based redox mediator, 2,5-di-tert-butyl-1,4-

dimethoxybenzene (DBDMB), into the electrolyte to capture the 

reactive O2
- and alleviate the rigorous oxidative environment during 

cycling of Li-O2 batteries. Thanks to the strong solvation of DBDMB 

towards Li+ and O2
-, it can not only reduce the formation of by-products 

(a high Li2O2 yield of 96.6%), but also promote the solution growth of 

large-sized Li2O2 particles, avoiding the passivation of cathode as well 

as enabling a large discharge capacity. More encouragingly, DBDMB 

makes the oxidization of Li2O2 and the decomposition of main by-

products (Li2CO3 and LiOH) proceed in a highly effective manner, 

prolonging the stability of Li-O2 batteries (243 cycles at 1000 mAh g-1 

and 1000 mA g-1). DFT calculations also unravel the intrinsic 

functional mechanism of DBDMB for facilitating the reversible O2 

involved redox reactions. Our strategy of using trifunctional electrolyte 

additive to capture reactive discharge intermediates with reduced 

formation of by-products, regulate solution growth of Li2O2, and co-

oxidize Li2O2 and by-products, will open up a new avenue to promote 

the performance of Li-air batteries.  

Introduction 

Rechargeable aprotic Li-O2 batteries with ultrahigh 

theoretical specific energy densities (3460 Wh/kg), which far 

exceed those of Li-ion batteries,[1] have aroused worldwide 

attention.[2] The typical electrochemistry of Li-O2 batteries is 

based on the reaction between lithium metal and O2 with the 

formation and decomposition of Li2O2 during the discharge and 

charge processes. There are two pathways for the growth of Li2O2 

from intermediate O2
- having been proposed: surface mechanism 

and solution mechanism.[3] Growth of Li2O2, a wide band-gap 

insulator,[4] on the gas diffusion cathode by surface mechanism 

will passivate the cathode, thus leads to a low discharge capacity 

and early death of batteries.[3a] In contrast, the growth of Li2O2 by 

solution mechanism will obtain large-sized Li2O2 toroidals with a 

higher discharge capacity.[3a] Therefore, some solutions have 

been proposed to promote the Li-O2 batteries discharge in the 

solution-mediated pathway, so as to unlock their ultrahigh energy 

densities. Among them, electrolytes with high donor number (DN) 

or acceptor number (AN), which can increase the solubility of Li+ 

or O2
-, prefer solution mechanism.[3a, 5] Protic additives, such as 

water and phenol, can also trigger solution-mediated pathway by 

forming hydroperoxide.[3a, 6] For O2 reduction redox mediators 

(RMs), they can catalyze O2 reduction and increase the 

concentration of O2
- in solution, resulting in remarkable 

improvement of discharge capacity.[7] Although the solution 

mechanism can enlarge specific capacities, the complete 

decomposition of large-sized Li2O2 is really a tough task, due to 

the fact that the oxygen evolution reaction (OER) takes place at 

the inner interface of Li2O2 and cathode[8], making the Li2O2 far 

away from cathode leave over.  

Recently, OER RMs, a kind of liquid catalysts for facilitating 

homogenous catalysis, have been developed.[9] Unlike the 

directly electrochemical oxidation of Li2O2 by solid catalyst with 

charge transfer limitations, RM is firstly oxidized to its oxidation 

state (RM+) at the cathode, then, RM+ diffuses to the vicinity of 

Li2O2 particles to chemically oxidative decomposition of Li2O2 with 

the simultaneous recoverment of RM+ to its reduced form. This 

chemical oxidation of Li2O2 with the help of RM can enlarge the 

reaction region for Li2O2 decomposition and avoid the formation 

of reactive defective intermediate, Li2-xO2, etc, as a result, 

improving the charge efficience and reducing side reactions to a 

much low degree.[9g, 10]  

However, the significance of RMs for promoting the 

decomposition of Li2CO3 and LiOH, main by-products in the 

operation of Li-O2 batteries, has long been ignored. Despite 

glyme-based electrolytes are relatively more stable than other 

electrolytes,[2c, 11] they are still susceptible to nucleophilic attack 

by reduced oxygen species, O2
-,[12] Li2O2,

[13] etc., generating 

Li2CO3 and LiOH and resulting in low Li2O2 yield of about 80%.[14] 

Besides electrolytes, the usually adopted carbon-based cathodes 

are also vulnerable to reduced oxygen species, especially O2
-, 

easily leading to the generation of a monolayer of Li2CO3 at the 

interface of carbon-Li2O2.[13b, 15] Since the intrinsic obstacles for 

oxidization of the redox-inert anions, OH- and CO3
2-,  are large, 
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the electrochemical decomposition of LiOH and Li2CO3 is highly 

energy consumption and much more difficult than that of Li2O2.[16] 

Thus, the presence of LiOH and Li2CO3 can severely reduce the 

transport current,[13b, 16] resulting in a high charge voltage, which 

in turn, further exacerbates side reactions. Once the active sites 

are covered by the gradually accumulated LiOH and Li2CO3, the 

catalytic sites of cathode diminishs and the mass and charge 

transfer will be further limit, and eventually leading to the early 

death of Li-O2 batteries. Therefore, in order to prolong the cycling 

stability of Li-O2 batteries, a RM that only active for Li2O2 cannot 

meet these requirements, and it goes without saying that how 

critical a soluble catalyst is for decomposition of these by-products. 

Since the functions of RMs are determined by their intrinsic redox 

potentials, the current RMs are only with single or dual function, 

either facilitate the solution discharge process or promote the 

charge process. There are still no RMs that possess three 

functions than can simultaneously capture reactive intermediates 

to reduce parasitic reactions, regulate solution growth of Li2O2, 

and co-oxidize Li2O2 and by-products. 

In this work, for the first time, we introduce a new ether class 

of RM, 2,5-di-tert-butyl-1,4-dimethoxybenzene (DBDMB), that 

can behave as an effective trifunctional soluble catalyst for 

boosting the performance of Li-O2 batteries. Systematic studies 

have proved that DBDMB can capture Li+ and reactive O2
-, 

enabling the solution growth of large toroidal Li2O2 particles and 

avoiding the serious parasitic reactions of O2
- towards solvent and 

cathode, thus giving a large discharge capacity and a high Li2O2 

yield of 96.6%, which much higher than the usually 85% Li2O2 

yields of normal batteries. Moreover, the intrinsic suitable redox 

potential (4.20 V determined by cyclic voltammograms) of 

DBDMB can not only oxidize Li2O2 at a relatively low voltage, but 

also efficiently remove the main by-products, Li2CO3 and LiOH. 

DFT calculations confirm that the electron-rich nature of O atoms 

is the premise for DBDMB oxidation at a suitable potential, while 

the electronic delocalization of DBDMB and DBDMB+ by p-π 

conjugation is the guarantee for their reversible conversion. As a 

result, the incorporation of DBDMB into the electrolyte increases 

the discharge capacity as well as contributes to a long cycling 

stability of Li-O2 batteries. 

Results and Discussion 

Redox Properties of DBDMB  

The redox properties of DBDMB were determined by cyclic 

voltammetry (CV) measurements in a three-electrode 

electrochemical cell with 1 M LiCF3SO3 and 5 mM DBDMB 

dissolved in tetraethylene glycol dimethyl ether (TEGDME) as 

electrolyte. To exclude the disturb of oxygen reduction reaction 

(ORR), CVs were carried out under O2 atmospheres in a narrow 

potential window of 3.8-4.5 V. As indicated in Figure 1a, DBDMB 

shows a redox potential of 4.20 V under O2 atmosphere, which is 

higher than the theoretical redox potential of Li-O2 batteries (2.96 

V), so it can enable Li2O2 to be oxidized during the charge process. 

Moreover, in Figure 1b, the Randles-Sevcik plot shows a diffusion 

control kinetic and the diffusion coefficient of DBDMB is calculated 

to be 3.95×10-7 cm2 s-1. Most importantly, in Figure 1c, the ratio of 

cathodic and anodic peak current (Ipc/Ipa), measured by linear 

sweep voltammetry (LSV) and chronoamperometry (CA), is 0.99, 

indicating the highly reversible redox conversion of 

DBDMB/DBDMB+ in O2 atmosphere, which can be further 

confirmed by the bare current decay in the long-term CV 

mearsurement (Figure S1).  

Figure 1. Cyclic voltammograms of 5 mM DBDMB in 1 M LiCF3SO3/TEGDME under O2 atmosphere at (a) various scan rates and (b) corresponding Randles-Sevcik 

plot. (c) Ipa and Ipc values determined by current transients plot of LSV (100 mV s-1) and CA technologies. (d) Cyclic voltammograms of electrolytes with/without 

5mM DBDMB under Ar or O2 atmosphere at a scan rate of 50 mV s-1 in a wide potential window. (e) RRDE test of electrolytes with/without 5mM DBDMB at scan 

rate of 100 mV s-1 and ring potential of 3.5V. (f) UV-Vis and (g) 1H NMR spectra of DBDMB with/without O2
-. (h) 7Li NMR spectra of electrolytes with different 

concentrations of DBDMB.
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CV curves in an oxygen redution reaction (ORR) involved 

potential window were also investigated (Figure 1d). The 

introduction of 5 mM DBDMB into the electrolyte obviously 

increases the current for ORR and facilitate the process of OER, 

which may be attributed to the DBDMB induced solution-mediated 

discharge mechanism and product decomposition. To verfy the 

discharge process follow the solution mechianism, rotating ring-

disk electrode (RRDE) tests were carried out. In the electrolyte 

without DBDMB, the disk and ring currents remain nearly 

unchanged at rotation speeds of 1600 and 2400 rpm (Figure 1e), 

which is accountable for the passivation of disk electrode by 

insulating and insoluble discharge products.[17] However, when 5 

mM DBDMD is introduced, the disk current raises significantly and 

the ring current decreases sharply to nearly zero (Figure 1e), 

indicating a solution-mediated discharge process occurs and the 

discharge intermediator (O2
-) can be solvated by DBDMB. To 

demonstrate the capture ability of DBDMB to O2
-, ultraviolet-

visible (UV-Vis) and 1H nuclear magnetic resonance (NMR) 

spectra was tested. As shown in Figure 1f, the blue shift of the 

maximum adorption peak of DBDMB indicates the conjugation 

degree of DBDMB has changed after it complexing with O2
-. 

Moreover, the 1H NMR spectra evidence the peak of DBDMB shift 

downfield (Figure 1g), confirming that O2
- can be captured by 

DBDMB. Besides, 7Li NMR spectra of the electrolytes with 

different concentrations of DBDMB were tested. The chemical 

shift of 7Li NMR increases with the increase of DBDMB (Figure 

1h), revealing that there is actually a strong interaction between 

Li+ and DBDMB, that is, Li+ can be solvated by DBDMB.[5a, 18] On 

the basis of above analysis, the solvated effect of DBDMB 

towards O2
- and Li+ is the reason for the accelerated ORR kinetic. 

Importantly, the CV curves experence slight change during 100 

cycles (Figure S2), confirming the compelling reversibility of 

DBDMB/DBDMB+ even in the presence of strong oxidizer, Li2O2, 

O2
-, etc.  

Functional Mechanism of DBDMB  

Though a lot of RMs have been proposed in Li-O2 batteries, 

their underlying functional mechanisms have been seldomly 

concerned. In order to unravel the inherent mechanism of DBDMB, 

density functional theory (DFT) calculations were carried out by 

Gaussian 16 software.[19] The solution-mediated discharge with 

DBDMB can be explained by Figure 2a-d. When O2
-, Li+, LiO2 and 

Li2O2 complex with DBDMB, the overall Gibbs free energy 

changes are -3.85, -0.92, 0.01 eV and 0.21 eV, respectively, 

which means that DBDMB can only solvate O2
- and Li+, rather 

than LiO2 and Li2O2. So we can conclude that the solvation of Li+ 

and O2
- by DBDMB is the reason for the solution discharge, which 

is in line with the above experimental observations. It is important 

that the adsorption energy of DBDMB to O2
-  is much stronger than 

the reported value of -0.82 eV for absorbing O2
- on carbon 

cathode,[7b, 20] which can avoid O2
- induced carbon degradation 

and facilitate the solution growth of Li2O2. Moreover, DFT 

calculations also reveal that the complex of DBDMB:LiO2 and 

DBDMB:Li2O2 is thermodynamically unstable, which means that 

when DBDMB:O2
- further complex with Li+ (equation 3), the 

formation of DBDMB:LiO2 will automatically release LiO2 and 

recover DBDMB (equation 4). Finally, the released LiO2 will 

disproportionate into Li2O2 and O2 (equation 5), and the small 

molecular of Li2O2 will tend to grow into large toroidals 

accompanied with the delayed passivation of cathode as well as 

Figure 2. The optimized structures and adsorption energy of complexes (a) DBDMB:O2
-, (b) DBDMB:Li+, (c) DBDMB:LiO2  and (d) DBDMB:Li2O2. (e) The Gibbs 

free energy change of DBDMB, Li and O2 at different redox states. The optimized structure of (f) DBDMB and (h) DBDMB+. The surface electrostatic potential maps 

of (g) DBDMB and (i) DBDMB+. (j) The proposed resonance structures of DBDMB+.
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increase of ORR current, which is consistent with our CV and 

RRDE observations. The Gibbs free energy changes of the above 

processes are shown in Figure 2e, and the detailed discharge 

process can be summarized by the following equations: 

O2 + e- → O2
- (1) 

O2
- + DBDMB → DBDMB:O2

- (2) 

DBDMB:O2
- + Li+ → DBDMB:LiO2 (3) 

DBDMB:LiO2
 → DBDMB + LiO2 (4) 

2LiO2
 → Li2O2 + O2 (5) 

The optimized structures of DBDMB and DBDMB+ are shown 

in Figure 2f,h and Figure S3. The C, O atoms of methoxy and 

benzene ring are coplanar, and the bond angles of C5-O10-C37 (C2-

O9-C41) for DBDMB and DBDMB+ are 119.3° and 121.7° 

respectively (approximately 120°), illustrating that the O atoms 

adopt sp2 hybrid configuration. This makes the p-orbitals of O 

atoms perpendicular to benzene ring and parallel with their π-

orbitals, and the lone pair electrons of O atoms in p-orbital partially 

donate to the π-orbitals of benzene ring and form p-π conjunction 

structure. The electronic delocalization of DBDMB is confirmed by 

the surface electrostatic potential map (Figure 2g), revealing that 

the negative surface electrostatic potential area is mainly located 

on the benzene ring and O atoms. Due to the electron-rich O 

atoms and the nature of electronic delocalization, DBDMB will 

lose one electron at high oxidation potential and keep nearly 

identical structure except some slightly changes. As can seen 

from Figure 2f,h, when DBDMB oxidzed to DBDMB+, the bond 

length of O10-C5 (O9-C2) decreases from 1.37 Å to 1.32 Å, 

meaning that the interaction between O atoms and benzene ring 

is strengthened. The intensified conjugation effect is further 

confirmed by Mayer bond orders analysis using Multiwfn program 

(Table S1).[21] The results show that the oxidation of DBDMB to 

DBDMB+ make the bond orders of O10-C5 (O9-C2) increase from 

1.03 to 1.21, indicating that the electrons sharing between O atom 

and benzene ring is increased. Furthermore, the atomic charges 

distribution on the atom of DBDMB and DBDMB+ were obtained 

by Natural Population Analysis (NPA).[22] As shown in Table S2, 

when DBDMB loses one electron, the majority of positive charge 

discretely distributes on the O atoms and C atoms of benzene ring 

rather than focused on one of them, which is also confirmed by 

the surface electrostatic potential map of DBDMB+ with the 

negative surface electrostatic potential area mainly located on 

benzene ring and O atoms (Figure 2i), and the discretely 

distribution of positive charge revealed by the resonance structure 

of DBDMB+ (Figure 2j). The dispersed distribution of positive 

charge stabilizes DBDMB+ and allows it to be reversibly reduced, 

as a result, long-term CV operation presents an excellent 

reversibility (Figure S2). In conclusion, the capture of Li+ and O2
- 

by the introduction of DBDMB can lead to the solution growth of 

Li2O2 and suppress the side reactions of electrolyte and electrode 

toward O2
-. Moreover, we shed light on that the electron-rich O 

atoms is the premise for the oxidation of DBDMB at suitable 

potential, and the effect of p-π conjunction of DBDMB and 

DBDMB+ is the guarantee for their reversible conversion.  

Discharge/Charge Behaviors of Li-O2 Batteries with DBDMB  

The discharge/charge curves of the Li-O2 batteries with or 

without 50 mM DBDMB are shown in Figure 3a. It is clear that the 

addition of DBDMB has almost no effect on the discharge plateau 

(~ 2.7 V), while plays a position role on the charge process, 

decreasing the charge plateau to around 3.97 V, much lower than 

that of the cell without DBDMB (4.40 V). To confirm whether the 

introduction of DBDMB will influence the typical Li-O2

Figure 3. Discharge-charge curves of Li-O2 batteries at a current density of 200 mA g-1 with (a) capacity limitation of 1 mAh and (c) voltage limitation of 2.0-4.4 V. 

(b) XRD patterns of pristine, discharged and recharged cathodes with 50 mM DBDMB. SEM images of the cathodes after the 2nd full discharge to the cut-off voltage 

of 2.0 V (d) with DBDMB and (e) without DBDMB. (f) The yield of Li2O2 determined by TiOSO4-based UV-vis spectroscopic titration with the discharge/charge 

capacity of 1 mAh. (g) Schematic illustration of the different Li2O2 growth pathways: surface mechanism and solution mechanism.
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electrochemistry or not, the cathodes at different states have been 

investigated by scanning electron microscopy (SEM), X-ray 

diffraction (XRD) and Fourier transform infrared spectroscopy 

(FT-IR) measurements. As shown in Figure 3b, Figure S4,5, after 

discharge, toroidals with sizes around 200 nm are 

homogeneously distributed on the porous cathode and can be 

identified as Li2O2 by XRD and FT-IR. The subsequent recharge 

process renders the complete decomposition of Li2O2 toroidals, 

and thus the cathode recovers to its original morphology. These 

results certify that DBDMB does not change the electrochemical 

reactions of Li-O2 batteries and permits highly reversible 

formation and decomposition of Li2O2. In combination of the 

above CV results, the catalytic behavior of DBDMB towards Li2O2 

can be described as follows: on charging, DBDMB is first oxidized 

to DBDMB+ at the cathode, then DBDMB+ diffuses to the vicinity 

of Li2O2 particles and chemically oxidizes Li2O2 with the 

simultaneous recovery of DBDMB+ to its reduced form, DBDMB. 

These processes continuously happen until all Li2O2 entirely 

decompose.  

The superior capability of DBDMB towards catalytic oxidation 

of Li2O2 can be further confirmed by the full discharge/charge 

curves of Li-O2 batteries with/without DBDMB (Figure 3c). Since 

the Li-O2 batteries used identical cathodes and anodes, the 

relative larger discharge capacity of the one with DBDMB additive 

can be attributed to its solvation of Li+ and O2
- induced solution 

growth of Li2O2 (Figure 3g), which has been demonstrated by CV, 

RRDE tests and DFT calculations. The solution discharge 

process is further evendenced by the formation of large, red-

blood-cell-like Li2O2 toroidals with diameters of ~600 nm in the cell 

with DBDMB (Figure S6a), being different from the small flake-

type Li2O2 formed on the cell without DBDMB (Figure S6b). 

Moreover, the reversible capacity of the cell with DBDMB is 

almost same as the full discharge capacity (Figure 3c), indicating 

that DBDMB can efficiently catalyze Li2O2 decomposition even at 

a deep discharge state. In stark contrast, the charge capacity of 

Li-O2 battery without DBDMB is much lower than the discharge 

capacity due to the loss of close contact between the cathode and 

Li2O2. The undecomposed Li2O2 will passivate the cathode by 

burying the electrochemical active sites, which in turn seriously 

reduces the second discharge capacity (Figure 3c). With regard 

to the cell with DBDMB, instead of damping, the second discharge 

capacity doubles (two times of the first discharge capacity) along 

with the formation of particle-type Li2O2 with diameters up to 4~5 

μm (Figure 3d and Figure S7). While for the cell without DBDMB, 

the size of the flake-type Li2O2 is even smaller than those of the 

1st discharge cycle (Figure 3e), in line with the much smaller 2nd  

.discharge capacity than the first one. The capacity increase 

phenomenon for the cell with DBDMB has never been reported 

before. The most possible reason is described as follows: the 

original structure of the cathode full of active sites is almost 

recovered after the 1st charge process, but there is still a small 

fraction of Li2O2 inevitably remaining due to the limitation of 

charge voltage. These residual Li2O2 can behave as seed crystals 

to allow solvated Li2O2 to nucleate on their surfaces and grow into 

large particles with greatly enhanced capacity. 

The capture of reactive O2
- by DBDMB can avoid the related 

parasitic reactions. In order to confirm this, the yield of Li2O2 for 

the two cells with the same discharge/charge capacity of 1 mAh 

was determined by TiOSO4-based UV-vis spectroscopic titration 

(Figure 3f and Figure S8). The battery with DBDMB exhibits a high 

Li2O2 generation efficiency of 96.6% and an extremely low 

residual rate of 0.97% after subsequent recharge process. 

However, the battery without DBDMB shows a relatively lower 

Li2O2 generation efficiency of 86.1% and a much higher residual 

Figure 4. Charge profiles of the cathodes pre-loaded with (a) Li2CO3 and (e) LiOH with/without DBDMB at a limited capacity of 1000 mAh g-1
 and a current density 

of 200 mA g-1. XRD patterns of the pristine and recharged (b) Li2CO3 and (f) LiOH pre-loaded cathodes with/without DBDMB. SEM images of the pristine (c) Li2CO3 

and (g) LiOH pre-loaded cathodes, and the corresponding recharged (d) Li2CO3 and (h) LiOH pre-loaded cathodes with DBDMB. (i) FT-IR spectra of the 

pristine/recharged Li2CO3 and LiOH pre-loaded cathodes. Nyquist plots of the EIS data of the pristine/recharged (j) Li2CO3 and (k) LiOH pre-loaded cathodes with 

DBDMB.
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rate of 30.9%. Less parasitic reaction products can also be proved 

by the 1H-NMR spectra in Figure S9, which point out that a much 

lower content of CH3COOLi byproduct has been formed in the cell 

with DBDMB. Meanwhile, the homogenous and efficient catalytic 

ability of DBDMB make the cell show a low Li2O2 residual rate of 

0.97%, which not only facilitate the cathode to recover to its 

original state, but also leave small Li2O2 crystals to act as 

nucleating centers for promoting solvated Li2O2 to grow into large 

particles together with a high discharge capacity. Previously, the 

design of RMs were only focused on facilitating the formation and 

decompostion of Li2O2, no one have ever reported that a RM can 

capture O2
- to reduce parasitic reaction products.  

Catalytic Ability of DBDMB towards Li2CO3 and LiOH  

Due to the instability of electrolyte and carbon cathode, 

permeation of CO2 and H2O from ambient air, LiOH and Li2CO3, 

the main parasitic reaction products, will be formed and 

accumulated on the cathode,[12-13, 15, 23] finally, leading to the early 

death of Li-O2 batteries. Since LiOH and Li2CO3 are wide-gap 

insulators,[13b, 24] typically, the oxidization of them is high-energy 

consumption,[16] making them decompose only when the charge 

voltage reaches ~4.7 V.[16, 25] If LiOH and Li2CO3 can be removed, 

the recovery of active sites of cathode will contribute to a 

prolonged cycling life.  

The higher redox potential of DBDMB (4.20 V) than those of 

Li2CO3 and LiOH (3.82 and 3.39 V),[9g, 26] make it may possess the 

ability to oxidize decomposition of these main parasitic products 

for Li-O2 batteries. To verify this, the cathodes pre-loaded with 

commercial Li2CO3 and LiOH were prepared with mass loading 

restricted to 1000 mAh g-1
carbon. As indicated in Figure 4a,e, with 

the help of DBDMB, the cathodes pre-loaded with Li2CO3 and 

LiOH can be recharged to the pre-loaded capacity at the voltage 

plateaus of 4.12 V and 4.13 V, respectively, much lower than 

those of the charge plateaus of normal batteries (4.74 and 4.70 

V), which with similar values reported by other groups[25]. In order 

to determine whether these Li2CO3 or LiOH particles are removed 

or not, XRD patterns and SEM images of the cathodes at different 

states were investigated. From Figure 4b,f we can see that there 

are still some residual peaks corresponding to Li2CO3 and LiOH 

existing when the cathodes are charged without DBDMB, in 

accordance with the observation of the remain of large particles 

in the recharged cathodes (Figure S10). However, when the 

cathodes are charged with DBDMB, none Li2CO3 and LiOH peaks  

and particles can be observed (Figure 4b,d,f,h), except leaves 

several micron hollow pits in the recharged cathodes, revealing 

that the introduction of DBDMB can overcome the high intrinsic 

barrier for oxidizing redox-inert anions, CO3
2- and OH- and permit 

the decomposition of Li2CO3 and LiOH at low voltages, thus 

avoiding the high charge voltage induced degradation of glyme-

based electrolyte and prolonging the battery lifetime.[25b, 27] The 

catalytic activity of DBDMB towards Li2CO3 and LiOH has also 

been evidenced by FT-IR spectra with the disappearance of the 

characteristic IR absorbance peaks of Li2CO3 and LiOH after 

recharging (Figure 4i).  

Electrochemical impedance spectra (EIS) were then checked 

to further confirm the catalytic Li2CO3 and LiOH decomposition 

ability of DBDMB (Figure 4j,k and Figure S11). The fitting results 

of Nyquist plots by equivalent circuits show that the Rct (charge 

transfer resistance) of the cathodes pre-loaded with Li2CO3 and 

LiOH decrease from 80 and 85 Ω to 40 and 21 Ω after recharging 

with the existence of DBDMB (Table S3). However, as for the pre-

loaded cathodes recharged without DBDMB, the Rct experiences 

no decrease, indicating the incomplete decomposition of Li2CO3 

and LiOH. These results demonstrate that DBDMB is an excellent 

soluble catalyst for the decomposition of Li2CO3 and LiOH, rather 

than normal carbon cathode. The schematic illustration of the 

DBDMB assisted oxidative decomposition of Li2O2, LiOH and 

Li2CO3 in Li-O2 batteries is shown in Figure 5a. This is the first RM 

that can simultaneously promote the charge process by co-

decomposing Li2O2, Li2CO3 and LiOH, and boost the discharge 

process by capturing O2
-, demonstrating the trifunctional ability of 

our DBDMB. 

 

Figure 5. (a) Schematic illustration of the oxidization reaction mechanism of DBDMB towards Li2O2, LiOH and Li2CO3 in Li-O2 batteries. Cycling performance of the 

Li-O2 batteries with/without DBDMB with a capacity limitation of (b-d) 1000 mAh g-1 and (e-g) 3000 mAh g-1 at a current density of 1000 mA g-1.
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Cycling Performance of Li-O2 Batteries with DBDMB 

With the help of experimental observations and DFT 

calculations, we can know that the incorporation of DBDMB can 

facilitate the solution discharge mechanism and reduce the 

formation of parasitic reaction products (Li2CO3 and LiOH) by 

capaturing the reactive O2
-, as well as promote almost full 

recovery of the active sites of cathode by efficiently co-

decomposing Li2O2 and by-products, fullfilling all the strictest 

requirements for enabling Li-O2 batteries to deliver a long cycling 

life. Therefore, the cycling performances of Li-O2 batteries 

with/without DBDMB were tested to confirm this. As shown in 

Figure 5b-d, the battery with DBDMB presents a long cycle 

lifetime of 243 cycles at a high current density of 1000 mA g-1 with 

a capacity limitation of 1000 mAh g-1 (Figure 5b), more than 10 

times the lifespan of the battery without DBDMB (Figure 5c,d). 

Furthermore, even at a higher cut-off capacity of 3000 mAh g-1, 

the cell with DBDMB can still normally run for 90 cycles, 30 times 

than that of the cell without DBDMB (Figure 5e-g), indicating that 

the DBDMB exactly plays positive role on boosting the lifetime of 

Li-O2 batteries and can satisfy the fast charge transfer kinetics 

requirement for cycling Li-O2 batteries at large rates and 

capacities. 

Conclusion 

In summary, we have shown that DBDMB, a new class of ether-

based redox mediator, is an effective trifunctional liquid catalyst 

for increasing the discharge capacity and prolonging the cycling  

stability of Li-O2 batteries. With the addition of DBDMB, its strong 

adsorption ability toward Li+ and O2
- promotes the solution growth 

of Li2O2 and avoids the reactive O2
- induced parasitic reactions, 

thus, a large discharge capacity and a high Li2O2 yield of 96.6% 

are realized. Furthermore, the suitable redox potential of DBDMB 

(4.20 V) can not only oxidize Li2O2 easily, but also facilitate the 

decomposition of the main by-products (Li2CO3 and LiOH) of Li-

O2 batteries, which together enable the recovery of the active 

sites of cathode and contribute to a prolonged cycling stability. 

The detailed functional mechanisms of DBDMB have also been 

revealed by DFT calculations, which can help us comprehensively 

understad the system and carry out future in-depth research. The 

strategy of reducing parasitic reactions, and co-oxidizing Li2O2 

and by-products (Li2CO3 and LiOH) through introducing solvating 

redox mediator will open a new door to boost the performance of 

Li-air batteries. 
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