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Metal phosphides (MPx, M = Ni,[24] 
Cu,[25,26] Ge,[27,28] Fe,[29,30] Sn,[31–41] etc.) 
have also shown high reversible capacities 
for Na ion storage and much improved 
cycling stability and rate capability, which 
originates from the enhancement of 
electrical conductivity upon the pres-
ence of metal atoms as electronic path-
ways for phosphorus atoms. Among all 
these metal phosphides, SnPx received 
the most research attention. Fan et al.[31] 
reported a SnP3/C nanocomposite Na ion 

anode delivering a capacity of ≈810 mA h g−1 at 0.15 A g−1 in 
150 cycles. Usui et al.[32] showed that Sn4P3 exhibits a much 
enhanced electrochemical cycling performance of reversible Na 
ion storage compared to SnP3 due to its superior electronic con-
ductivity and more uniform Sn dispersion in the P matrix. Liu 
et al.[36] synthesized yolk–shell Sn4P3@C nanospheres which 
achieved a reversible capacity retention of 360 mA h g−1 for Na 
ion storage at 1.5 A g−1 after 400 cycles. However, long-term 
cycling of more than 500 cycles with a high stability and high 
reversible capacity for Na ion storage has not been reported.

In this work, a nanocomposite of Sn4P3 and phosphorus 
(Sn:P = 1:3) embedded in a graphene matrix has been synthe-
sized via a novel mechanochemical transformation method. This 
composite exhibits an ultrastable and much improved capacity 
retention at a high current rate (>550 mA h g−1 in 1000 cycles 
at 1 A g−1) and unrivalled rate capability (>815 mA h g−1 at 
0.1 A g−1, ≈585 mA h g−1 at 2 A g−1, and ≈315 mA h g−1 at 
10 A g−1). This is, to the best of our knowledge, superior to any 
other SnP compounds and other metal phosphides based 
materials reported as the anode for Na-ion batteries and it pro-
vides substantial promise to its practical applications in Na-ion 
batteries that typically require at least 1000 cycles.

As described in Figure 1a (see the details in the Experimental 
Section), the Sn4P3-P@graphene nanocomposite (indicated 
as SPPG) is synthesized via mechanochemical transforma-
tion from the SnP3@graphene composite (indicated as SPG) 
(reaction (1)) 

4 SnP Sn P 9 P3 4 3= +  (1)

where SnP3 is initially mechanochemically synthesized from 
Sn and red P (reaction (2)) 

Sn 3 P SnP3+ =  (2)

The initial formation of SnP3 is evidenced by X-ray diffrac-
tion (XRD) (Figure 1b; Figure S1, Supporting Information) 
as all the peaks can be indexed to the SnP3 phase (Pearson’s 
Crystal Data (PCD) #1250771, space group: R-3mh). It is 
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Sodium-Ion Batteries

Na-ion batteries recently have received increasing research 
attention as an alternative to Li-ion batteries due to the higher 
abundance and thus much lower cost of Na resources com-
pared to Li.[1–5] Phosphorus[6–14] and tin[15–23] have been inten-
sively investigated as the anode materials for Na-ion batteries 
due to their high capacities upon alloying with Na (Na3P: 
2596 mA h g−1, Na15Sn4: 847 mA h g−1). However, the elec-
tronic conductivity of phosphorus is low (10−14 S cm−1 for 
red P); and these alloying reactions are inevitably accompanied 
with substantial volume expansions (volume change of 490% 
from P to Na3P[12] and 525% from Sn to Na15Sn4

[17]), and with 
drastic structural collapse when Na ions are extracted. As a 
result, upon repetitive dis-/charge, it undergoes irreversible and 
adverse pulverization of active materials and loss of electrical 
conduction and eventually the battery failure. To address these 
issues, various designs of nanostructured Sn/PC composites 
have been reported,[7–14,18–23] but the manufacturing cost is still 
to be reduced and the achieved reversible sodiation capacity is 
still to be improved. Very recently, Li et al.[14] demonstrated a red  
P@MOF (metal-organic framework) derived N-doped 
microporous carbon exhibiting a capacity of 450 mA h g−1  
at 1 A g−1 after 1000 cycles. Sha et al.[23] fabricated Sn 
nanoparticles@N-doped carbon nanofiber which achieved a 
capacity of 390 mA h g−1 at 0.847 A g−1 over 1000 cycles.

Adv. Energy Mater. 2018, 8, 1701847
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retained after a short-term mechanical milling with graphene, 
and is mechanochemically converted to Sn4P3 (PCD#1910451, 
space group: R-3mh) when further milling is performed as is 
observed by XRD (Figure 1b). Rietveld refinement on the XRD 
patterns (Figure S2 and Table S1, Supporting Information) 
show that the average crystalline domain size of SnP3 amounts 
to 15.0 nm, while that of Sn4P3 is much reduced to 9.4 nm due 
to the refinement effect of high energy mechanical milling.

The conversion from SnP3 to Sn4P3 is also evident in the X-ray 
Photoelectron Spectroscopy (XPS) investigation (Figure 1c; 
Figure S3, Supporting Information). In the analysis of Sn 3d 

XPS spectra of SnP compounds, multiple valence contribu-
tions (Sn2+, Sn4+, etc.) are generally considered.[34,39,40,42] SnP3 
has a single Sn site surrounded by six P atoms in the crystal 
structure and a 119Sn Mössbauer Isomer shift indicates an oxi-
dation state of +3 in bulk crystals,[43] the main Sn 3d5/2 XPS 
peak of SnP3 at 485.5 eV may therefore be assigned to Sn3+. 
The higher binding energy peak at 487.2 eV results from oxi-
dized Sn4+ on the surface of nanoparticles. Such high oxidation 
occurs likely because of the P surface termination leading to 
a higher Sn oxidation state. It should also be noted that some 
unavoidable surface oxidation by oxygen may be present,  

Adv. Energy Mater. 2018, 8, 1701847

Figure 1. Sample synthesis and characterization. a) A schematic of the mechanochemical synthesis process (HEBM: high energy ball milling).  
b) XRD patterns of the samples (reference patterns from Pearson’s Crystal Data (PCD) database: SnP3: PCD#1250771, space group: R-3mh; Sn4P3: 
PCD#1910451, space group: R-3mh; black P: PCD#1214640, space group: Cmce). c) XPS spectra of the SPPG and SPG samples. d–f) SEM images of 
the SPPG sample at different magnifications. g) High-resolution TEM image of the SPPG sample. h) ADF-STEM image of the SPPG sample and the 
STEM-EDX element mapping of i) Sn and j) P, k) C, and l) O, respectively.
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which is consistent with the peaks of PO bonds in the P 2p 
spectra, and also in line with other XPS studies on SnP com-
pounds.[31,34,42] However, since the P terminated surface already 
leads to the oxidation of Sn to +4, the oxidizing effect of oxygen 
on Sn may be limited. The strong peak of SPPG at 487.6 eV 
has a line width and shape similar to the spectrum of Sn4P3 in  
refs. [34,39] and [40], and the weak peak at 485.5 eV may indi-
cate a small fraction of remaining SnP3. The valence of Sn 
is suggested by the Mössbauer study[43] to be lower in Sn4P3 
compared to SnP3, and may be +2.25 on average assuming a 
chemical state of P3−. The XPS binding energies depend on 
local coordination as well as valence, and 1–2 eV deviations 
are usually observed in binding energies for the same valence 
depending on the coordination in the compounds.[44] In Sn4P3, 
the Sn-1 atoms are octahedrally coordinated by six P atoms 
resembling SnP3, whereas Sn-2 atoms have a [3+3] coordination 
consisting of three P and three Sn-2 atoms. Thus, the binding 
energy will deviate from that in SnP3 and shift to higher 
binding energies. Meanwhile, a Sn4+ contribution cannot be 
excluded for the same reason of surface termination by P.

In the SPPG sample, phosphorus is formed and embedded 
in the graphene matrix and it appears as black phosphorus 
(PCD#1214640, space group: Cmce) but is poorly crystalline; 
weak but distinguishable peaks at 27.0° and ≈35.0° can be 
observed in the XRD pattern of SPPG corresponding to the 
Bragg diffraction on the lattice planes (021) and (040)/(111) of 
black phosphorus, respectively. Scanning electron microscope 
(SEM) images (Figure 1d–f) show that the SPPG nanocom-
posite appears as agglomerations of nanoparticles and SEM 
based energy dispersive X-ray spectroscopy (EDX) element 
mapping on the agglomeration (Figure S4, Supporting Infor-
mation) reports a homogeneous distribution of P and Sn in the 
composite. Transmission electron microscope (TEM) images 
(Figure 1g; Figure S5, Supporting Information) and the annular 
dark field (ADF) scanning transmission electron microscope 
(STEM) image (Figure 1h) show the nanosized crystalline 
domains of active materials embedded in the graphene matrix 
and distributed evenly; and the STEM-EDX based element 
mapping of Sn (Figure 1i) shows a consistent distribution with 
the distribution of active materials in the ADF-STEM image. 
P appears not only where Sn is concentrated but uniformly 
throughout the sample, and so do C and O (Figure 1j–l), which 
reveals that elemental phosphorus formed in reaction (1) dis-
tributes homogeneously within the graphene network. There-
fore, taking into account the poor crystallinity of black phos-
phorus and small crystalline domain size of Sn4P3, black phos-
phorus and Sn4P3 would appear as nanocrystallites next to each 
other, well dispersed in the graphene matrix, thanks to the 
presence of graphene which alleviates the aggregation issues 
upon their formation during the mechanical milling. Moreover, 
strong interactions between the active materials and graphene 
can be present in the sample. For instance, the presence of 
POC bond in the sample is evident (Figure S3, Supporting 
Information) induced by the strong mechanical milling, which 
are also evidenced in many other phosphorus/metal phos-
phides–carbon systems.[25,28,45–47]

The transformation in reaction (1) upon the presence of 
graphene is interesting since neither CP nor CSn binary 
compounds exist in bulk.[48] However, carbon–phosphorus 

composites can be formed in which element carbon and 
phosphorus are intermixed on a nanoscale,[7,49] apparently sta-
bilized by abundant interface reactions. The presence of carbon 
(graphene) in the SnPC system apparently likewise enables 
the formation of a relatively stable C-black P composite during 
the high energy ball milling, which enables the transformation 
from SnP3 to Sn4P3 with the stabilization of P in the composite 
being the main factor.

The electrochemical performance of the samples for Na 
ion storage has been characterized in half-cell Na-ion batteries 
and the capacity is calculated based on the mass of Sn and P 
(excl. graphene) considering the lower mass ratio of graphene 
in the composites and its negligible capacity for Na ion uptake 
(Figure S6, Supporting Information).

Figure 2a demonstrates that SPPG exhibits an initial deso-
diation capacity of 708 mA h g−1 at 0.4 A g−1, which gradu-
ally grows to 855 mA h g−1 in 100 cycles and then drops to 
≈800 mA h g−1 in 200 cycles and keeps stable after that. A 
capacity of 796 mA h g−1 can be achieved after 300 cycles. The 
Coulombic efficiency is 73.1% at the 1st cycle and jumps to 
96.2% at the 2nd cycle, and it reaches >99.5% within 20 cycles 
and keeps stable afterward. In comparison, SPG also under-
goes an initial capacity growth for Na ion uptake and achieves 
714 mA h g−1 after 70 cycles and then stays stable; the Cou-
lombic efficiency increases to 98.9% within 20 cycles and is sta-
bilized afterward. However, the capacity drops gradually after 
130 cycles and a capacity of only 546 mA h g−1 is retained in 
300 cycles. In addition, the SnP3 (without graphene) based elec-
trode obtains an initial desodiation capacity of 671 mA h g−1 
which is comparable with SPPG and SPG, but deteriorates rap-
idly along cycling. The capacity retention drops to <90 mA h g−1 
in 100 cycles. Figure 2b shows that the desodiation capacity 
of SPPG reaches >815 mA h g−1 at 0.1 A g−1 and a capacity 
of ≈705, ≈585, and ≈315 mA h g−1 can be achieved when the 
current rate increases to 0.2, 2, and 10 A g−1, respectively. A 
capacity of >810 mA h g−1 can be restored when the current 
rate is reset at 0.1 A g−1 indicating its excellent rate capability. 
The rate performance of SPG for Na ion uptake follows a sim-
ilar trend as SPPG but exhibits relatively lower capacities for Na 
ion storage.

It can be concluded, from the results in Figure 2a,b and 
Figure S7 (Supporting Information), that the capacity retention 
and cycling performance upgrade in the order of SnP3 < SPG 
< SPPG, which can be associated with (i) more refined particle 
sizes induced by higher energy mechanical milling enabling 
faster kinetics for Na ion transport; (ii) better electrical conduc-
tion and alleviated volume expansion with the graphene matrix 
host and (iii) stronger interactions between the active mate-
rials and graphene which maintains the electrical conduction 
throughout the electrode along cycling; (iv) the higher intrinsic 
electronic conductivity of Sn4P3 than SnP3.[32]

The electrochemical performance of the SPPG based Na 
ion anode (Figure 2c) reports that cycling at a relatively lower 
current rate (0.2 and 0.4 A g−1) a gradual improvement on the 
capacity is evidenced during the initial tens of cycles indicating 
an initial activation process, which is also observed in other 
reports.[32,33,35] The desodiation capacity at 0.2 A g−1 increases 
from 762 mA h g−1 to 866 mA h g −1 within 100 cycles and stays 
stable afterward, the retained capacity reaches 842 mA h g−1 in  

Adv. Energy Mater. 2018, 8, 1701847
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200 cycles. The Coulombic efficiency is 75.1% and 96.3% for 
the 1st and 2nd cycle, respectively, and is stabilized at ≈99.2% 
from 30th cycle. In comparison, the activation process is not 
observed when the electrodes are dis-/charged at high current 
rates (1 and 2 A g−1). Cycling at 1 A g−1, the capacity of the SPPG 
based Na ion anode reaches 652 mA h g−1 for the 1st cycle with 
a Coulombic efficiency of 73.0% which has increased to 97.3% 
in the 2nd cycle. The capacity retention deteriorates slightly 
in the initial 20 cycles and then stays extremely stable at 
≈610 mA h g−1 with a Coulombic efficiency >99.5%. A revers-
ible capacity of 607 mA h g−1 is achieved in 800 cycles after 
which a gentle degradation occurs but the retained capacity 
is still >550 mA h g−1 after 1000 cycles. The initial reversible 
capacity at 2 A g−1 is 561 mA h g−1 and it undergoes a similar 
decreasing-stable-decreasing trend as observed at 1 A g−1. The 
Coulombic efficiency reaches >99.5% within 15 cycles, and 
the retained capacity amounts to 512, 496, and 371 mA h g−1 
at 200th, 500th, and 1000th cycles, respectively. The minor 

capacity fluctuations during the long-term cycling may result 
from the ambient temperature variations during cycling and 
have also been observed in other studies.[31,33–36,39,40] To the 
best of our knowledge, the capacity retentions at such high 
current rates and the cycling stability that SPPG has achieved 
are unparalleled among all the SnP compounds based anode 
materials for Na-ion batteries.

The relatively lower initial Coulombic efficiency (73–75%) is 
due to the formation of irreversible solid electrolyte interphase 
(SEI) layers on the surface of the active materials, which mainly 
takes place in the 1st cycle and is negligible in the following 
cycles. This irreversible process occurs at a relatively higher 
voltage range as can be observed in the initial sodiation voltage 
profile (voltage plateau at ≈0.95 V in Figure 2d), which is also 
evidenced in the differential capacity (dQ/dV) curve (voltage 
peak at 0.95 V in Figure 2e)[25] and the cyclic voltammogram 
(broad peak at ≈0.95 V in Figure 2f)[11,12,32–34] of the SPPG 
based electrode during the 1st sodiation process.

Adv. Energy Mater. 2018, 8, 1701847

Figure 2. Electrochemical performance for Na ion uptake. a) Capacity retentions and Coulombic efficiencies of SPPG, SPG, and SnP3 for Na ion uptake at 
0.4 A g−1. b) Rate capabilities of SPPG and SPG based Na ion anodes. c) Capacity retentions and Coulombic efficiencies for Na ion uptake in SPPG at dif-
ferent current rates: 0.2, 0.4, 1, and 2 A g−1, respectively. d) Voltage profiles of the SPPG based Na ion anode at 0.2 A g−1. e) Differential capacity (dQ/dV) 
plots for the SPPG anode reproduced from the voltage profiles shown in panel (d). f) Cyclic voltammograms of the SPPG anode (Scan rate: 0.5 mV s−1).
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The initial Na ion insertion in SPPG undergoes several stages 
(at 0.78, 0.65, 0.44, 0.31, 0.18, 0.08, and 0.02 V) as illustrated in 
the voltage profile (Figure 2d) and differential capacity curve 
(Figure 2e), which originates from the stepwise Na ion insertion 
in phosphorus and Sn4P3, and the voltage decreases with the 
increasing Na content in the electrode. Based on the previous 
reports on the Na ion storage in SnP3,[31] Sn4P3,[32–41] Sn,[50–54] and 
P[55] and it is possible that the relatively higher sodiation voltage 
peaks (at 0.78, 0.31, and 0.08 V) originate from the step-by-step 
Na ion insertion in phosphorus with the formation of Na3P7, NaP, 
Na3P, etc., and the relatively lower voltage peaks (at 0.65, 0.44, 0.18, 
and 0.02 V) correspond to the reduction of Sn4P3 with the forma-
tion of Sn (together with NaxP), Na4Sn4, Na9Sn4, and Na15Sn4, etc. 
The complete sodiation reaction can be depicted as reaction (3)

24 Na Sn P 3 Na P Na Sn4 3 3 15 4+ = +  (3)

During the desodiation process, two broad voltage peaks at 
0.33 and 0.6 V can be observed which can be assigned to the 
Na ion extraction from the NaSn alloys and Na3P, respectively 
(reactions (4) and (5))[31–35,38–40]

Na Sn 4 Sn 15 Na15 4 = +  (4)

3 Na P 4 Sn Sn P 9 Na3 4 3+ = +  (5)

This is similar to the reaction mechanism proposed by Usui 
et al.[32] that, after initial sodiation forming Na15Sn4 and Na3P, 
elemental Sn and P react individually with Na ions at different 
potential regions in the following cycles.

Ex Situ XRD patterns (Figure 3a) of the sodiated electrode 
show that the active materials have been amorphized when it is 
initially sodiated due to the substantial structural change upon 
a large amount of Na ion insertion. The active materials stay 
amorphous (or extremely small crystallites) when the Na ion 
is extracted as the phosphorus and Sn4P3 particles stay refined 
attributed to their presence within the graphene matrix, which 
is also consistent with the other studies.[27,35,39,56] Meanwhile, 
the Sn 3d XPS spectrum of the desodiated SPPG electrode is 
similar to that of the pristine SPPG (Figure 3b), which indicates 
that Sn4P3 is reformed. (A detailed XPS analysis on the cycled 
SPPG electrode is in Figure S8 in the Supporting Information.) 
Based on the discussions above, a proposal on the sodiation 
mechanism in SPPG is illustrated in Figure 3c.

The ultrahigh cycling stability of the SPPG composite can 
be contributed from several factors: (1) Nanosized phosphorus 
and Sn4P3 are embedded in the conductive graphene matrix 
which prevents the segregation issues and keeps the active 
materials nanorefined, which allows for rapid kinetics for Na 
ion uptake. Meanwhile, the graphene matrix also works as a 
host to accommodate the large volume change upon Na ion 

Adv. Energy Mater. 2018, 8, 1701847

Figure 3. Mechanism of Na ion uptake in SPPG. a) Ex situ XRD spectra of the SPPG electrode at different stages. To avoid any unwanted peaks from 
the metal current collector, here the electrode is a thick self-supporting SPPG electrode (SPPG: PVDF: Super P carbon black = 7:1.5:1.5, ≈500 µm 
in thickness; details in the Supporting Information). b) XPS spectra of the pristine and desodiated SPPG electrode after dis-/charge for 20 cycles.  
c) A schematic illustration on the de-/sodiation mechanism in SPPG.
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uptake. As a result, the structural integrity is retained over 
repetitive dis-/charge. (2) Upon the sodiation of P, less-con-
ductive Na3P is formed, which works as a shielding matrix for 
Sn atoms and prevents the aggregation issues; metallic Sn pro-
vides an electrical conduction pathway for Na3P for reversible 
Na ion uptake. The complementary beneficial effects of Sn and 
Na3P ultimately enhance the cycling performance.[32,33,35,39,56] 
The high mobility of Na+ in Na3P[57] warrants an expedite 
expressway for Na ion transport throughout the active mate-
rials. (3) The strong interactions between the active materials 
and graphene (e.g., POC bond) will maintain the electrical 
conduction between graphene and the active materials during 
cycling and thus enable a high cycling stability for Na ion 
storage. (4) A high Coulombic efficiency (>96%) in the 2nd 
cycle and growingly higher efficiencies in the following cycles 
(>99% within 10 cycles) have been observed indicating that the 
SEI formation almost stops after the 1st cycle as the initial com-
pact NaF-dominant SEI layer protects the active materials from 
pulverization and further SEI formation[31,34,37–39] and thus a 
stable cycling performance is achieved. In short, the structural 
integrity and electronic conduction of the electrode have been 
maintained along cycling and thus a high cycling stability has 
been achieved, which is also suggested by the SEM images 
(Figure S9, Supporting Information) and the electrochemical 
impedance spectroscopy measurement (Figure S10, Supporting 
Information) of the cycled SPPG electrodes.

In summary, this work presents a novel Sn4P3-P 
(Sn:P = 1:3) @graphene nanocomposite mechanochemi-
cally transformed from SnP3@graphene. This composite 
exhibits a remarkably high and ultrastable capacity retention 
of >550 mA h g−1 over 1000 cycles at 1 A g−1 and unrivalled rate 
capability (>815 mA h g−1 at 0.1 A g−1, ≈585 mA h g−1 at 2 A g−1 
and ≈315 mA h g−1 at 10 A g−1). This is, to the best of our 
knowledge, the best cycling stability and cycle life among all the 
reported Na ion anode materials based on SnP compounds, 
and it shows great promise for its practical applications in high 
energy density Na-ion batteries.

Experimental Section
Sample Synthesis: To synthesize SnP3, tin (Aldrich, <45 µm, 99.8%) 

and red phosphorus (Alfa Aesar, −325 mesh, 98.9%) powders were 
mixed with an atomic ratio of 1:3, then the mixture was mechanically 
milled for 30 h at 400 rpm with a ball to powder ratio of 100:1 under 
Ar atmosphere. Subsequently, the as-synthesized SnP3 was mixed with 
graphene stacks (Cabot, ≈700 m2 g−1) with a mass ratio of 7:3 and then 
mechanically milled at the same conditions for 10 h to obtain the SPG 
sample or 50 h to get the SPPG nanocomposite.

Sample Characterization: XRD patterns were obtained with a 
PANalytical X’Pert Pro PW3040/60 diffractometer with a Cu Kα source. 
The operating voltage and current were 45 kV and 40 mA, respectively. 
SEM images of the SPPG sample were obtained with a JEOL JSM 6010F 
scanning electron microscope working at an accelerating voltage of 5 kV. 
SEM-EDX based element mapping was carried out at an accelerating 
voltage of 20 kV. The TEM images and STEM-based EDX analysis were 
taken using a FEI-Tecnai with a field emission gun source working at 
200 kV. XPS measurement was performed with a K-alpha Thermo Fisher 
Scientific spectrometer using a monochromatic Al Kα source, and the 
spectra were analyzed with a Thermo Avantage software.

Electrode Preparation: The SPPG-, SPG-, and SnP3-based electrodes 
were prepared using a conventional slurry based method. Specifically, 

the active materials, sodium carboxymethyl cellulose and super P 
carbon black are mixed with a mass ratio of 7:1:2 in deionized water 
until a homogeneous slurry was obtained; then the slurry was casted 
onto a piece of Cu foil (Goodfellow, 12.5 µm) and dried in a vacuum 
oven working at 70 °C for 12 h. Finally, the electrode was mechanically 
compacted with a roller compressor before it was cut into circular pieces 
for the final battery assembly. The mass loading of active materials is 
≈0.5 mg cm−2.

Electrochemistry: Na ion half-cells were assembled in an Ar 
atmosphere glove box (O2/H2O: <0.1 ppm). A sodium metal foil was 
employed as the counter electrode and a borosilicate micro glass 
fiber (Whatman) was used as the separator. The working electrolyte is 
1 m NaClO4 dissolved in ethylene carbonate and propylene carbonate 
(v/v = 1:1) with 10% fluoroethylene carbonate. The galvanostatic 
electrochemical performance was characterized with a MACCOR 4600 
battery cycler. The cutoff voltages for sodiation and desodiation were 
0.005 and 2 V versus Na/Na+, respectively. Cyclic voltammetry was 
carried out with a PGSTAT302N Autolab potentiostat within the same 
voltage range.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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