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a b s t r a c t

High energy density Na-O2 batteries is very promising for large scale energy storage, wherein the critical
bottleneck lies in poor energy efficiency and cycle stability stemming from low catalytic activity and
unstable structure of cathode. Herein, we propose a highly effective strategy to activate and stabilize low
cost while inefficient N-doped carbon fibers by in situ simultaneous Co embedding/coating. Un-
expectedly, the obtained binder-free cathode endows Na-O2 battery with superior electrochemical per-
formances, including low charge overpotential, high specific capacity, and especially good cycle stability,
which could be attributed to the combined advantages associated with facilitated electron and mass
transportation due to fiber shape and binder-free and porous structure, high conductivity and catalytic
activity derived from the synergy between N-doped carbon fibers and Co (metallic and partially oxidized
Co) as well as the successful tailor of the morphology of discharge products.

& 2017 Elsevier B.V. All rights reserved.
1. Introduction

The pressing large-scale shift from the conventional internal
combustion engines to electricity driven vehicles (EVs) for alle-
viating environment crisis closely relies on high energy density
rechargeable batteries, especially Li-O2 cell instead of the existing
lithium-ion batteries whose energy density is less than one eighth
of the former even the theoretical limited of current electrode
materials are reached [1–5]. However, large charge overpotential
(41 V) in Li-O2 cell limits its cycle life to less than 100 cycles [6].
Moreover, Urgent concerns about limited reserve and distribution
of lithium resources have led to an increasing interest in replacing
lithium with sodium from a viewpoint of sustainability [7–9].
Unexpectedly, Na-O2 cells demonstrate lower charge overpotential
(o0.2 V) which may result in better cyclic performance and high
energy efficiency than LABs [10,11]. Nevertheless, Na-O2 cells are
in their infant stage and very similar to Li-O2 ones when ther-
modynamically stable sodium peroxide (Na2O2) dominates the
discharge product derived from inevitably chemical and electro-
chemical transformation of the initial formed NaO2 in a short time
under glyme-based electrolyte that results in short cycle life, poor
rate capability, low energy efficiency [12,13]. Therefore, the prop-
erties of the cathode material are crucial in determining the bat-
tery performance. While during the fabrication of conventional
cathode, the necessary addition of inactive, insulating, and espe-
cially instable (not inert to the superoxide and peroxide from
discharge) polymeric binders would severely impede efforts to
improve performances of Na-O2 batteries [14,15]. Therefore, de-
velopment of highly efficient and binder-free cathode is urgently
desirable but still very challenging before searching for a stable
electrolyte system for Na-O2 cell.

One-dimensional (1D) carbon materials, for example carbon
fibers, have been proposed as electrocatalysts for cathode in me-
tal-air batteries (MABs) due to the large surface to volume ratio,
continuous conducting pathways for electrons, and facile strain
relaxation without deformation during batteries operation [16,17].
In addition, heteroatoms, including N, B and P, doping has been
employed to further introduce more catalytic active sites for
pristine 1D carbon materials; [18–21]. Recent studies disclosed
that nitrogen-doped graphene showed lower overpotential, higher
capacity and longer cycle life compared with graphene cathode in
Na-O2 batteries [22,23]. As we all know, CoOx always exhibits
superior catalytic activity towards oxygen reduction reaction
(ORR) and oxygen evolution reaction (OER) compared with other
transition metal oxides in MABs [24]. However, transition metal
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oxides always present low electronic conductivity, and thus would
compromise the improvement of electrochemical performance of
batteries such as rate capability, especially when the discharge
product is insoluble and insulated in MABs including Na-O2 bat-
teries, regardless of the improved catalytic activity [25,26]. In re-
sponse, addition of transition metals (TMs) particles could im-
prove the conductivity, while simply mixing or growing metal
particles on the surface of 1D carbon materials cannot avoid the
oxidation, aggregation and detachment of metal particles, which
would decrease the conductivity and activity, respectively. Alter-
natively, embedding and coating transition metal into N-doped
carbon fibers could further increase the conductivity and improve
the catalytic activity of 1D carbon materials while avoiding the
aggregating and detachment of metal particles, thus guaranteeing
the stability of active sites [27,28]. Conventional methods to both
encapsulate and coat metal particles into carbon fibers hold more
or less drawbacks such as requirement of special equipment and
multistep time- and energy-intensive procedures and are difficult
in obtaining self-standing structure [27,29]. Therefore, develop-
ment of new strategy to effectively fabricate self-standing TMs
embedding/coating N-doped carbon fibers in a time-and cost-ef-
fective manner to significantly improve the electrochemical per-
formances of MABs is urgently required.

Herein, as a proof-of-concept experiment, we propose and
demonstrate a highly effective strategy (preparing carbon fibers,
in situ N-doping, Co embedding and coating) to fabricate binder-
free N-doped carbon fibers (NCFs) in situ embedded and coated
with Co using an scalable coaxial electrospinning technique. Un-
expectedly, when the as-obtained Co-embedding/coating N-doped
carbon fibers (Co-ECNCFs) are employed as an novel binder-free
cathode for Na-O2 batteries, superior electrochemical perfor-
mances, including low charge overpotential (reduced by 200 mV),
high discharge capacity (increased by �57%), and long cycle life
(up to 112 cycles), are successfully obtained compared with that of
NCFs one.
2. Materials and methods

2.1. Preparation for the cathode material

2.1.1. Co-ECNCFs
Polyacrylonitrile (PAN) solution was prepared by dissolving

0.5 g PAN in 5 mL DMF with vigorous stirring for 3 h. Poly-
vinylpyrrolidone (PVP) solution was prepared by dissolving 0.5 g
PVP and 0.40 g Co(NO3)2 �6H2O in 5 mL N,N-dimethylformanide
(DMF) for 3 h with vigorous stirring. After that, taking out 3 mL
PVP solution mixed with PAN solution, then stir overnight. After
that, the above mixture was transferred to a plastic syringe
equipped with a 9-gauge metal nozzle made of stainless steel. The
distance between the needle tip and the collector was fixed to
16 cm and the flow rate of the syringe pump was fixed at
0.8 mL h�1. Electrospinning experiments were performed when
relative air humidity was 50�60%. The voltage was conducted at
18 kV and a sprayed dense web of fibers was collected on the
aluminum foil. The electrospun core-shell nanofibers performed
calcination at 400 °C for 2 h at a heating rate of 5 °C min�1 and
then the calcinated carbon fibers were carbonized at 700 °C for 1 h
in argon gas to obtain Co-ECNCFs. Finally, Co-ECNCFs were pun-
ched into 12 mm in diameter as the self-standing cathode with the
average mass of 0.7 mg, including Co percentage of 13.6% (ca.
0.095 mg) to test in Na-O2 batteries.

2.1.2. NCFs
The NCFs was synthesized by the same method as the Co-

ECNCFs except Co(NO3)2 �6H2O addition.
2.1.3. Co-ECNCFs-A
Co-ECNCFs were subject to the 0.5 M H2SO4 at 80 °C for 24 h to

etch off the accessible cobalt nanoparticles. After that, it was wa-
shed by deionized water for three times, and then was dried at
100 °C in oven for 24 h.

2.1.4. PVPþCo
The PVPþCo sample was synthesized by the same method as

the Co-ECNCFs except without adding PAN solution.

2.1.5. PANþCo
The PANþCo sample was synthesized by the same method as

the Co-ECNCFs except without adding PVP solution.

2.1.6. Co-ECNCFs-O
Co-ECNCFs-O was obtained by calcinating Co-ECNCFs sample in

muffle furnace at 250 °C for 4 h.

2.2. The assembly of Na-O2 batteries

All cathodes were dried at 80 °C in vacuum oven for 24 h with
the average mass of 0.770.04 mg. For electrolyte, tetraethylene
glycol dimethyl ether (TEGDME) solvent were soaked in activated
molecular sieves (4 Å type) for 15 days until the water content
below 10 ppm. NaCF3SO3 was heated at 80 °C in vacuum oven for
24 h. The electrolyte contains 0.5 M NaCF3SO3 in TEGDME solvent
(H2Oo10 ppm). All the cells were assembled using 2025-type
coin cell in a glove box under argon atmosphere (H2Oo1 ppm,
O2o1 ppm). Using a sodium metal foil anode (Φ¼10 mm), a glass
fiber separator, the above cathodes and 80 mL electrolyte were
combined in sequence. The assembled cells were settled for 3 h in
pure oxygen atmosphere for electrochemical measurement.

2.3. Characterization of material and discharge products

The morphologies and structures of the cathodes and discharge
products were characterized by various physicochemical techni-
ques, including XRD, SEM, TEM, XPS, FTIR and Raman
spectroscopy.

2.4. Electrochemical measurement of Na-O2 batteries

The cells were discharged to 1.6 V for the first discharge-charge
under pure oxygen atmosphere. The cycling tests were controlled
with the confined capacity and current density by limiting dis-
charge cut-off potential to 1.6 V. Cyclic voltammograms (CVs) of
the cells were measured between 1.9 and 4.0 V (vs. Na/Naþ) at a
voltage sweep rate of 0.1 mV s�1. Electrochemical impedance
spectroscopy of Na-O2 batteries was evaluated using an AC im-
pedance analyzer within a frequency range of 106–10�2 Hz.
3. Results and discussion

The facile, mild and scalable fabrication process of the binder-
free Co-ECNCFs cathode is illustrated in Fig. 1a. In brief, Co(NO3)2 is
first dispersed into PVP solution for Co2þ bonded to oxygen atom
of PVP via coordinate or covalent bonds. Then, PAN solution is
added and continuous (PVP) and discontinuous (PAN) phases are
obtained due to the incompatibility of the two polymers, which
are then electrospun to obtain Co-ion-contained core–shell (PAN-
PVP) nanofibers. Finally, the as-prepared nanofibers are carbo-
nized at 700 °C in argon (Ar) atmosphere to obtain the binder-free
Co-ECNCFs cathode for Na-O2 batteries.

The evolution of morphology and structure of the Co-ECNCFs is
investigated by scanning electron microscopy (SEM) and



Fig. 1. Schematic illustration of the synthesis (a), SEM (b), TEM (c) (inset: HRTEM image and the (110) lattice plane of Co particles), and element mapping (d) images, and
XRD pattern (e) of Co-ECNCFs.
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transmission electron microscopy (TEM) techniques. As shown in
Fig. 1b, the obtained Co-ECNCFs are fiber in shape with rather
smooth surface, and interpenetrate to form a porous network,
which could facilitate transportation of electron and oxygen as
well as electrolyte. The average diameter of Co-ECNCFs is ca.
130 nm, which is smaller than that before calcination (Supple-
mentary information, Fig. S1), and also the core-shell structure
(Supplementary information, Fig. S1b–c) disappears after carbo-
nization (Fig. 1c). The dark particles with the size range from
10�15 nm in TEM image could be assigned to Co particles, which
is consolidated by the high-magnification TEM image, wherein the
d-spacing is found to be 0.3470.05 Å, corresponding to the (111)
plane of metallic Co (Fig. 1c inset). Element mapping analysis de-
monstrates the uniform distribution of C, N, and Co elements of
Co-ECNCFs (Fig. 1d). X-ray diffraction pattern (XRD) profile reveals
that aside from graphite peaks, all diffraction peaks centered at
44.2, 51.5 and 75.8 degree can be indexed to the (111), (200), and
(220) planes of cubic Co phase (JCPDS 89-7093) (Fig. 1e). Fur-
thermore, in order to figure out position of Co particles in NCFs,
Co-ECNCFs sample is then immersed in 0.5 M H2SO4 for 24 h (Co-
ECNCFs-A) to remove accessible Co species [30]. The intensity of
Co signal on Co-ECNCFs-A becomes weaker than that on Co-
ECNCFs in Raman spectra, manifesting the elimination of outer Co
(Supplementary information, Fig. S2). TEM images show some
holes on the surface of Co-ECNCFs-A derived from etched Co
particles, while some remaining cobalt particles can also be clearly
found (Supplementary information, Fig. S3), indicating that Co
particles not only anchor on the surface but also embed in the
fibers of Co-ECNCFs, wherein the encapsulated Co particles could
improve the electronic conductivity and tune the electronic
structure of NCFs, while the exposed ones could also employed as
catalytic active sites for ORR and OER. X-ray photoelectron
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spectroscopy (XPS) is then employed to analyse chemical com-
position of Co-ECNCFs and its counterpart NCFs. It can be found
that catalytic active pyridinic-N (398.370.1 eV) and graphitic-N
(401.070.1 eV) exist for these samples with approximately 5% of
the N content (Supplementary information, Fig. S4).

Another important property of the obtained Co-ECNCFs is self-
standing, which could avoid the addition of instable and inactive
polymer binder, and thus could be straightforwardly used as
cathode for Na-O2 batteries. It should be noted that binder-free
cathode cannot be obtained when using only one of the two
polymers, either PVP or PAN, bonded with Co precursor under
similar synthetic conditions (Supplementary information, Fig. S5c–
d). Even though the two polymers are used to prepare nitrogen-
doped carbon nanofiber without Co precursor addition, self-
standing NCFs cathode is easy to frangible even upon gentle
Fig. 2. First discharge-charge curves by confining discharge cut-off potential to 1.6 V (a),
capacity (d), and voltage of the terminal discharge vs. the cycle number (e) for Na-O2 b
bending (Supplementary information, Fig. S5a–b and 7–8), show-
ing the power and efficiency of our proposed strategy for the
fabrication of binder-free Co-ECNCFs cathode.

The electrochemical performances of binder-free Co-ECNCFs
cathode are examined in Na-O2 batteries in comparison with Co-
ECNCFs-A and NCFs counterparts. Tetraethylene glycol dimethyl
ether is employed as electrolyte solvent due to its relatively high
stability compared with carbonate-based electrolytes [31–33].
Fig. 2a exhibits the first discharge-charge profiles of Co-ECNCFs,
Co-ECNCFs-A and NCFs cathodes at a current of 250 mA g�1 with
the cut-off discharge potential at 1.6 V (the applied current density
and capacity in this work are based on the total mass of the
cathode) and subsequent full charging. Interestingly, the discharge
voltage of Na-O2 batteries with Co-ECNCFs cathode is ca. 2.23 V,
which is apparently higher than those of Na-O2 batteries with the
CV profiles at voltage sweep rate of 0.1 mV s�1 (b), rate performance (c), discharge
atteries with Co-ECNCFs, Co-ECNCFs-A, and NCFs electrodes.
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Co-ECNCFs-A and NCFs ones. More importantly, the charge voltage
of Na-O2 batteries with Co-ECNCFs cathode rise slowly without a
short low charge potential region at initial state (insert in Fig. 2a),
possibly corresponding to the NaO2 decomposition, which is
contrary to those with Co-ECNCFs-A and NCFs cathodes. This dis-
crepancy may be caused by the different catalytic mechanism
caused by these cathodes and will be discussed later. Fig. 2b shows
the cyclic voltammogram profiles of the three cathodes in Na–O2

batteries [23,34]. we can see that the anodic peak (corresponding
to OER) of the Co-ECNCFs cathode is 3.40 V, corresponding to
negative shift of 0.10 and 0.22 V than those of the Co-ECNCFs-A
(3.50 V) and the NCFs (3.62 V) cathodes, respectively, manifesting
the superior catalytic activity of Co-ECNCFs cathode.

Furthermore, Na-O2 batteries with Co-ECNCFs cathodes hold
higher discharge potential than those with Co-ECNCFs-A and NCFs
counterparts under all tested current densities (Fig. 2c). Ad-
ditionally, Co-ECNCFs cathode also delivers much higher discharge
specific capacity (6102 mAh g�1) at the current density of
200 mAh g�1 even though its lower surface areas than that of Co-
ECNCFs-A (Figs. 2d and S9). In order to exclude the electro-
chemical contribution from the Naþ intercalation into carbon-
based cathode, the discharge capacity with the three cathodes in
Na-O2 batteries is also examined under Ar atmosphere (Supple-
mentary information, Fig. S10). Obviously, the capacity from Naþ

intercalation into the three cathodes can be neglected within the
testing voltage window. The discharge-charge curves of Na-O2 cell
with Co-ECNCFs at current density of 200 mAg�1 with cut-off
potentials from 1.6 to 4.4 V demonstrated that deep discharge was
unbeneficial for long cycle, possibly due to the excessive accu-
mulation of discharge products (Supplementary information, Fig.
S11), so the cycling performances of the Na-O2 batteries were
tested under the current density of 200 mAg�1 and a fixed
Fig. 3. SEM images of discharge products on Co-ECNCFs (a), Co-ECNCFs-A (b), and NCF
cathode), XRD patterns of discharge products on the three cathodes (d).
capacity of 550 mAh g�1 (Fig. 2e and S12). It can be easily found
that, with the help of Co-ECNCFs cathode, 112 cycles can be ob-
tained, which is much better than those with the Co-ECNCFs-A (49
cycles) and the NCFs (33 cycles) cathodes, and also stands as the
best cycle life compared with ever reported results [34,35], high-
lighting the superior rechargeability of the Na-O2 batteries with
the aid of Co-ECNCFs cathode (Supplementary information, Table
S1). As for the failure of the cell after 112 cycles, we attributed it to
short circuit caused by the over-accumulation side products on
cathode and the severe corrosion of the anode (Supplementary
information, Fig. S13).

Inspired by the above obtained superior electrochemical per-
formances of Na-O2 batteries with Co-ECNCFs cathode, we then
investigate the discharge products using various physical and
chemical methods. SEM image clearly shows that film-like dis-
charge products are deposited and uniformly coat on each carbon
fibers of Co-ECNCFs cathode, which could effectively utilize the
surface area of the cathode, thus improving discharge capacity
(Fig. 3a) [34,36], in sharp contrast with the other two cathodes,
wherein the discharge products are aggregated particles (Fig. 3b
and c). This fully explains the higher discharge capacity of Co-
ECNCFs cathode achieved in spite of its relatively lower surface
areas. The homogeneous formation of film-like product might be
attributed to the embedded cobalt particles inside carbon matrix,
which could serve as electron-deficient position and change the
electron distribution in nearby carbons and the interaction be-
tween oxygen and the metal/carbon hybrids, favoring film-like
discharge products formation. The discharge products on the three
cathodes after discharged to 1.8 V are further characterized by XRD
(Fig. 3d). Obviously, poor crystallinity Na2O2 with broader and less
intense XRD pattern are the dominated discharged products on
Co-ECNCFs cathode while crystallinity Na2O2 �2H2O occurs in the
s (c) cathodes (inset: pristine cathode and scheme of change of the corresponding
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Co-ECNCFs-A and NCFs, possibly as a result of the dissolution and
ionization of the formed sodium superoxide, liberating superoxide
anion and triggering the formation of Na2O2 �2H2O as ever re-
ported [37], which would incur large polarization upon charging.
Some Na2CO3 are observed on NCFs likely due to the instability of
NCFs cathode. These results are consistent with the Raman results
(Supplementary information, Fig. S14). It is reported that poor
crystalline discharge products are rich of defects and can be de-
composed with less energy, thus resulting in low charge potential
[38–40], which is in good consistent with electrochemical perfor-
mances in terms of charge potential (Fig. 2a and b). The different
discharge products between Co-ECNCFs and the other two cath-
odes may originate from the different catalysis mechanism: two-
electron reaction toward ORR on Co-ECNCFs cathode may pre-
ferentially occur while for Co-ECNCFs-A and NCFs ones, one-
electron reaction dominates and generates NaO2 with subsequent
chemical and electrochemical transformation to Na2O2 �2H2O,
even though the reason for this at present is unclear in Na-O2

system [32,41]. This hypothesis can be confirmed by the galva-
nostatic intermittent titration technique (GITT) test [42,43], from
which equilibrium voltage (Ueq) located at 2.31 V associated with
the formation of Na2O2 with Co-ECNCFs cathode, while it located
at 2.20 V corresponding to the formation of NaO2 with the other
two cathodes (Supplementary information, Fig. S15). Besides, no
short low charging potential profile corresponding to decom-
position NaO2 appears on Co-ECNCFs cathode which is contrast
with the other two cathodes. To evaluate the reversibility of the
discharge products, Fourier transform infrared spectroscopy (FTIR)
measurement are employed [44]. Two characteristic peaks (879
and 1442 cm�1) of Na2O2 can be observed in FTIR spectra and
disappear after charge process while recover after discharge pro-
cess, showing the good reversibility of the discharge product,
Na2O2 (Supplementary information, Fig. S16). The long-term sta-
bility of discharge products was analyzed by ultraviolet visible
(UV–vis) spectroscopy and XRD and results demonstrated that
Na2O2 was reducing with cycling by reduced the intensity of Na2O2

in XRD and extinction of the TiOSO4 solutions caused by H2O2

derived from Na2O2 reacting with H2O (Supplementary informa-
tion, Fig. S17 and 18), manifesting the instability of Na2O2 in long
term cycling. This may result from isolated and undecomposed
Fig. 4. High-resolution Co2p spectra (a), XRD pattern (b), and the correspon
product deposited on cathode, causing low charge transfer effi-
ciency for Na2O2 formation.

The electrochemical impedance spectra (EIS) of Na–O2 batteries
at different discharge/charge stages are tested to understand the
above obtained difference in electrochemical performances (Sup-
plementary information, Fig. S19). Before discharge, Na-O2 battery
with Co-ECNCFs cathode holds the lowest charge-transfer resistance
(Rct) corresponding to the depressed semicircle in the Nyquist plot
at high frequencies, which might be attributed to the high con-
ductivity of Co-ECNCFs cathode. After the first discharge, the Rct of
all the three batteries increases (Supplementary information, Fig.
S19b), which is due to the poor electronic conductive of discharge
product (Na2O2) generated on cathode. Interestingly, even after the
first (1st) and fifth (5th) charging, the Rct of Na-O2 batteries with
Co-ECNCFs is still lower than those with Co-ECNCFs-A and NCFs
counterparts which could be responsible for the improved cycling
performance of Na-O2 batteries with Co-ECNCFs cathode.

To gain deep insight into underlying catalytic mechanism
concerning Co-ECNCFs cathode in Na-O2 batteries, the chemical
states of Co in Co-ECNCFs cathode have been investigated. XPS
results show that the characteristic peak of metallic Co (778.0 eV)
gradually disappears and only those of CoOx exist owing to oxi-
dation of cobalt during charging (Fig. 4a). However, no crystalline
phase of CoOx can be found in XRD even after the 30th charging,
indicating that the in situ formed CoOx layer is very thin and/or
weak in crystallinity (Fig. 4b). HRTEM results show oxidation of Co
layer with cycling to reach a maximum thickness of 5–6 nm oxi-
dized layer at the 5th cycles (Fig. 4c–h) with subsequent in-
variability. This is also confirmed by vibrating sample magnet-
ometer method, [45–47] wherein magnetic moment of the pristine
cathode is 34.6 emu g�1, which reduces to 26.6 emu g�1 at the
5th cycles with subsequent stability as shown in Supplementary
information, Fig. S20. Based on the above obtained results, it can
be concluded that a very small portion of naked Co is oxidized
during robust electrochemical conditions to form a thin layer of
CoOx for OER, and the large fraction of embedded Co are free of
oxidization due to the protective layer of formed CoOx, thus en-
hancing the conductivity of the in-situ formed insulated CoOx for
high efficiency of electron transfer and formation of the uniform
distribution film-like discharge products. On the other hand, the
ding HRTEM images of exposed cobalt on the Co-ECNCFs cathode (c–h).
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formed stable CoOx active sites derived from chemical and elec-
trochemical oxidation also play a great role on long cycling [48].
All these explain the superior catalytic activity of the Co-ECNCFs
cathode compared with Co-ECNCFs-A and NCFs counterparts in
Na-O2 batteries. For the sake of proving our speculation, Co-
ECNCFs cathode with complete oxidization by heat treatment in a
muffle furnace (Co-ECNCFs-O) is also prepared to examine in Na-
O2 batteries, which presents high charge potential due to the low
intrinsic conductivity of Co oxides, thus amplifying inner re-
sistance and incurred limited cycle number caused by high charge
potential (Supplementary information, Fig. S21–22 and Table S2).
4. Conclusions

In conclusion, as a proof-of-concept experiment, a facile strat-
egy has been proposed to activate and integrate the carbon fibers
cathodes by in situ N-doping as well as Co embedding and coating
towards a highly efficient and robust Co-ECNCFs cathode for Na-O2

batteries, using a facile, mild, and scalable technique. Surprisedly,
when first employed as novel cathode for Na-O2 batteries, superior
electrochemical performances, including high discharge capacity
(increased by � 57%), low charge overpotential (reduced by 200
mV), and especially long cycle life (up to 112 cycles), are success-
fully obtained, which stems from the tailored properties of Co-
ECNCFs cathode, accelerated transportation of mass and electron
due to fiber shape and binder-free and porous structure, improved
and stabilized kinetics of ORR/OER derived from the synergy be-
tween N-doping and Co (metallic and partially oxidized Co) en-
capsulating/coating as well as the successful tailor of the mor-
phology of discharge product. We anticipate this strategy will form
the basis for an unprecedented perspective in the development of
high-performing cathode for next generation Na-O2 batteries.
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