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Требования для положительного 
электрода:
• низкий удельный вес 
• высокая электронная проводимость 
• высокая пористость  
• (Электро)химическая стабильность

Литий-кислородный ХИТ
теоретическое напряжение 
2.96 V

Li ⇄ Li+ + e-

O2 + 2Li+ + 2e- ⇄ Li2O2
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Апротонные электролиты:
CH3CN, DMSO, сульфоны, эфиры, 
ионные жидкости…
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refining the electrolyte through (i) carefully controlling its
preparation to avoid the presence of moisture; (ii) using a
nucleophile-stable lithium LiCF3SO3 salt rather than the
common LiPF6, which is prone to decomposition to form the
aggressive HF acid due to the lability of the P–F linkage; (iii)

optimizing the reciprocal composition of the components. These
modifications have led to an enhancement of electrolyte chemical
inertia, considerably improving its stability to make it a proper
medium for lithium–air batteries. Owing to this high electrolyte
stability, the electrochemical process of the lithium–oxygen
battery may proceed with no side decomposition reactions. The
stability of the electrolyte and, hence, the absence of side
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Figure 4 | Current–voltage curve of a lithium battery using a TEGDME–
LiCF3SO3 electrolyte and a plain carbon electrode. a, Results with no
oxygen flowing. The onset of current identifies the anodic decomposition
of the electrolyte. Typical discharge (formation of lithium peroxide)–
charge (reconversion into oxygen and lithium) voltage profiles of a
lithium/TEGDME–LiCF3SO3/O2 battery at different rates. b, Results for
50 mA g21 and a charge voltage limit of 3.9 V. c, Results for 1 A g21 and a
charge voltage limit of 4.4 V.
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Figure 5 | Cycling response of the lithium/TEGDME–LiCF3SO3/O2 battery
under various specific capacity limits. a, Voltage profiles of 50 discharge
(formation of lithium peroxide)–charge (reconversion into oxygen and
lithium) cycles at 3,000 mAh gcarbon

21 . b,c, Voltage profiles of 30 cycles at
4,000 mAh gcarbon

21 (b) and 5,000 mAh gcarbon
21 (c). Current rate,

500 mA gcarbon
21 .
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Figure S1. Schematic showing three-electrode RRDE setup with an Ag+/Ag quasi-reference 
electrode and Li counter electrode.  The working electrode consists of a glassy carbon disk and 
Au ring, immersed in O2-saturated Li+-containing electrolyte.   

 

 

 

Figure S2. (a) Examples of exponential fitting with disk current transients at 2.2 and 2.5 V vs 
Li+/Li in DMSO. Transient were fit to a formula 𝒚 =  𝒚𝒐 + 𝑨𝒆𝑹𝒐𝒙, where 𝑹𝒐is taken as the 
decay rate. (b) Absolute decay rates for disk (filled circle) and ring (open squares) current 
transients vs disk potential in 0.1M LiClO4 in DMSO and DME. 
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Figure S1. CVs of ORR/OER at 100 mV/s in 0.1 M TBAClO4 in DMSO with various 
concentrations of LiClO4 (listed on the graph), on GC electrode. 
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После съемки образцы были помещены в аргоновый бокс и подсоединены через 

уплотнительное кольцо к электрохимической ячейке в качестве рабочего электрода (Рис. 36). 

Вспомогательный электрод представлял собой платиновую проволоку, электрод сравнения - 

серебряную проволоку в растворе 0.01 М AgNO3 и 0.1 M TBA ClO4 в ацетонитриле. Перед 

измерениями ячейка была насыщена высокочистым кислородом. 

Разряд был проведен в потенциостатическом режиме при потенциале 2.3 В отн. Li/Li+ 

таким образом, чтобы прошедший заряд соответствовал образованию на поверхности 

электрода не более 4 монослоев карбоната лития. После разряда ячейка была помещена в 

аргоновый бокс, разобрана, углеродный электрод промыт диметоксиэтаном и высушен в 

вакууме. В боксе электроды с помощью медного скотча были закреплены на держатели и 

помещены в герметичную переносную камеру. Переносную камеру монтировали к камере 

загрузки спектрометра, вакуумировали камеру загрузки и затем постепенно откачивали аргон 

из переносной камеры. Таким образом удалось избежать попадания на поверхность углерода 

углекислого газа из окружающей среды. 

Спектры С 1s углеродных электродов после разряда представлены на Рис. 37. Видно, 

что в обоих случаях среди продуктов реакции действительно присутствует компонента, 

отвечающая углероду в карбонатной группе. При этом на поверхности ВОПГ, имеющего 

значительно меньшее число дефектов, чем стеклоуглерод, наблюдается меньшее количество 

карбоната. 
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Рис. 36. Схема литий-кислородной электрохимической ячейки.

Рентгеновская фотоэлектронная  
спектроскопия (XPS) ex situ

Уравнение Эйнштейна
Ekin = hν - Ebin

WE

x-ray e-photo

UHV

S2). Special efforts were taken to ensure that no electrolyte
remained on the electrode: S 2p, Cl 2p and Li 1s spectra
collected before and after soaking the electrode into the
electrolyte were used for monitoring proper removal of the

electrolyte residues (Figure S3). Small amounts of Li- and O-
containing electrolyte components were detected on the surface
after soaking, which could not account for the observed
increases in Li and O signals after cathodic process.

Figure 5. NEXAFS C−K edge spectra of HOPG and GC electrodes before (blue) and after (pink) potentiostatic holding at 2.2 or 2.4 V,
respectively. Discharge was performed in 0.1 M LiClO4 in oxygen-saturated DMSO. The cell comprised Ag+/Ag reference electrode and Pt counter
electrode. The cell was assembled and disassembled inside an Ar-filled glovebox. The HOPG and GC electrodes were transferred to the ultrahigh
vacuum environment of the spectrometer under Ar atmosphere to avoid contact with ambient air.

Figure 6. C 1s photoemission spectra of HOPG (a, b) and GC (c, d) electrodes before (a, c) and after (b, d) potentiostatic holding at 2.2 or 2.4 V,
respectively.
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graphene synthesis 
on Ni (111)

Li deposition Li insertion at 150℃ Li2O2 synthesis
(O2 exposure)

В чем причина деградации углерода?
Li2O2 + C + 1/2 O2 → Li2CO3       ΔG = −542.4 kJ/mol
2Li2O2 + C → Li2O + Li2CO3      ΔG = −533.6 kJ/mol
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Альтернативы углероду?

energy thus advising that a wide class of conductive compounds
could be further studied if porous materials are available. Of course,
electrochemical oxygen reduction kinetics, which was assumed to
be fast in this work, should be also kept in mind (see
Supplementary information for more details on reaction rate
constant).

4. Conclusions

For the first time we evaluated the optimal cathode thickness
taking into account oxygen transport parameters reported for
several solvents (acetonitrile (MeCN), dimethyl sulfoxide (DMSO)
and 1,2-dimethoxyethane (DME)) at practically interesting current
densities ranging up to 3 mA/cm2. We show that even for DME,
which has the highest oxygen mobility and solubility, transport
restrictions at 1 mA/cm2 lead to cell-level specific energy of about
650 Wh/kg if pure oxygen is supplied. Calculations using environ-
mental oxygen partial pressure (0.21 atm) result in a value as low as
300Wh/kg. Our estimations show that the search for solvents with
improved oxygen transport and solubility can be crucial for
obtaining practically feasible specific parameters. It should be
underlined that a search for new solvents with both fast transport
of oxygen and chemical stability seems to be one of the milestones
to achieve better operation parameters of Li-air cells. A proper
design of porous cathode materials is able to shorten oxygen
diffusion path (in e.g. partially flooded electrodes). In order to assist
the ongoing search for stable cathode materials, which can replace
carbon, we investigated the effect of electrode material density on
cell-level specific energy and demonstrated that materials with
densities of up to 10 g/cm3 can be used without serious penalty to
the specific energy if the electrode porosity is enough high.
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