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Abstract

Bismuth has garnered significant interest as an anode material for magnesium batteries (MBs) because of its high volumetric specific
capacity and low working potential. Nonetheless, the limited cycling performance (<100 cycles) limits the practical application of Bi as
anode for MBs. Therefore, the improvement of Bi cycling performance is of great significance to the development of MBs and is also
full of challenges. Here, Bi nanoparticles encapsulated in nitrogen-doped carbon with single-atom Bi embedded (Bi@NC) are prepared and
reported as an anode material for MBs. BiI@NC demonstrates impressive performance, with a high discharge capacity of 347.5 mAh g~! and
good rate capability (206.4 mAh g~!'@500 mA g~') in a fluoride alkyl magnesium salt electrolyte. In addition, Bi@NC exhibits exceptional
long-term stability, enduring 400 cycles at 500 mA g~'. To the best of our knowledge, among reported Bi and Bi-based compounds for
MBs, Bi@NC exhibits the longest cycle life in this work. The magnesium storage mechanism of Bi@NC is deeply studied through X-ray
diffraction, transmission electron microscopy and X-ray photoelectron spectroscopy. This work provides some guidance for further improving
the cycling performance of other alloy anodes in MBs.
© 2023 Chongqing University. Publishing services provided by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
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1. Introduction

The low raw material reserves (Co, Li, and Ni) make it
difficult for lithium-ion batteries (LIBs) to be used in large-
scale energy storage for a long time, which drives researchers
to develop energy storage devices based on abundant mate-
rials [1-3]. Due to the abundant reserves, moderate redox
potential, and high volumetric (3833 mAh cm™3) and gravi-
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metric (2205 mAh g~!) specific capacities of Mg, magne-
sium batteries (MBs) have gained significant attention as a
promising candidate for post-LIBs [4-6]. In addition, as Mg
is less prone to dendrite formation and thermal runaway, MBs
may have safety advantages over LIBs [7,8]. Therefore, MBs
have good application prospects in large-scale energy stor-
age. However, the high reactivity of Mg metal and the slow
diffusion kinetics of Mg?>* make the metal Mg anode easily
passivated in most Mg electrolytes [9], which seriously limits
the development and application of MBs. To overcome this
challenge, researchers have adopted many strategies, includ-
ing regulating the solvation structure of Mg?* [8,10,11], de-
signing and constructing solid electrolyte interfaces [12,13],
and developing alloy anodes [14]. Among them, alloy an-
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odes (such as Bi [15], Sn [16], Ga [17], etc.) have garnered
significant attention from researchers in the past decade due
to their high specific capacity and low working potential,
and have the potential to become an alternative to Mg metal
anode [14].

Among alloy anodes, due to the high volumetric capac-
ity (3783 mAh cm™3) and favorable reaction kinetics of Bi
metal at room temperature, Bi and Bi-based compounds have
been widely studied as anode for MBs. For instance, Masaki
et al. [18] reported Bi;xSbx and Bi as anodes for MBs in
2012 and Bi maintained a capacity of 222 mAh g~! after
100 cycles. Grey et al. [19] et al. studied the magnesium
storage mechanism of Bi through solid-state nuclear mag-
netic resonance spectroscopy in 2017. In 2018, Munichandra-
iah et al. [20] improved the cycling and rate performance of
Bi through the composite of Bi and reduced graphene ox-
ide (Bi/rGO) and Bi/rGO, after 50 cycles, showed a capacity
of 372 mAh g~'. Zhang et al. [16,21,22] reported that the
rate performance and discharge capacity of Bi were signif-
icantly improved through Bi-Sn dual-phase alloy engineer-
ing, up to 362 mAh g~! at 1 A g~!. Recently, Zhao et al.
[15] further improved the rate performance of Bi to 218 mAh
g '@3 A g! through material structure design. In addition,
polyaniline intercalated Bi,O0,CO3, BiOF and BiOCl were
reported as anode materials for MBs and delivered the cy-
cling stability of 300, 100 and 100 cycles, respectively [23—
25]. Unfortunately, Bi and Bi-based compounds, as anodes
for MBs, still exhibit poor cycling performance. In particu-
lar, the longest reported life of the Bi metal anode is 100
cycles. In the past, to enhance the cycling performance of
Bi anode, researchers primarily focused on improving mate-
rial structures to mitigate the significant volume expansion
(104%) during alloy reactions [15,26,27]. However, the influ-
ence of electrolyte on the performance of electrode materials
was overlooked, and the magnesium storage performance of
most Bi or Bi-based compounds was evaluated in traditional
all phenyl complex (APC) electrolytes. Therefore, simulta-
neously considering the influence of the electrolyte on per-
formance while designing material structures may be an ef-
fective strategy for enhancing the cycling performance of Bi
anodes.

In this work, Bi nanoparticles encapsulated in nitrogen-
doped carbon with single-atom Bi embedded (Bi@NC) are
prepared by low temperature calcination method and used as
anode materials for MBs in a fluoride alkyl Mg salt elec-
trolyte. The structure of Bi@NC is thoroughly characterized
by spherical aberration-corrected scanning transmission elec-
tron microscopy (STEM) and three-dimensional (3D) tomog-
raphy reconstruction techniques. Benefiting from the unique
structure of Bi@NC and the excellent stability of electrolyte,
Bi@NC exhibits a high discharge capacity of 347.5 mAh g~!,
82.5% high capacity retention after 400 cycles and good rate
capability (206.4 mAh g=! @500 mA g~!). Furthermore, the
magnesium storage mechanism of Bi@NC is shown to in-
volve an alloying reaction from Bi to Bi;Mgs; through X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS)
and TEM.

2. Experimental section
2.1. Material preparation

Preparation of flower-like Bi,0,CO; (BOC). The BOC
was prepared by hydrothermal method [28]. Firstly, sodium
citrate dihydrate (Aladdin, 5 mmol) and Bi(NOs3),-5H,0
(Macklin, 5 mmol) were added to 60 mL ultrapure water and
the obtained solution was sonicated and stirred at room tem-
perature for 30 min. Afterward, 30 mmol of urea (Aladdin)
was added to the above solution. The obtained solution was
continued to be sonicated and stirred for 30 min. Then, the
sealed autoclave (100 mL) was kept at 150 °C for 12 h. Fi-
nally, the BOC was collected by centrifugation and washing
with deionized water and ethanol, and finally dried for 12 h
at 60 °C.

Synthesis of Bi@NC. Bi@NC are prepared by low tem-
perature calcination method [29]. The prepared BOC flower
(100 mg) was added into 150 mL tris-buffer solution (10 mM)
and sonicated for 10 min. Then, 100 mg dopamine hydrochlo-
ride (PDA, Aladdin) were added to the above solution and the
solution was stirred for 3 h. The product was collected by
centrifugation and washing with deionized water and ethanol.
The prepared product was further calcined at 400 °C for 2 h
with Ar atmosphere to obtain Bi@NC.

2.2. Material characterizations

Powder and ex-situ XRD measurement were performed us-
ing a Bruker AXS D2 Advance powder X-ray diffractometer.
Scanning electron microscope (SEM) images were acquired
by using a JEOL-7100F microscope. The TEM/STEM images
and EDX spectra experiments were collected using a CEOS
probe corrected FEI Themis TEM (electron accelerating volt-
age is 300 kV) equipped with a Gatan image filter spectrom-
eter. Electron tomography experiments were performed on a
Fischione tomography holder with a —75° to +75° tilt range.
The reconstruction was performed using the Thermo Fisher
3D Inspect and visualized in Avizo. Kratos AXIS SUPRA in-
strument was used for XPS measurement. Thermogravimetric
analysis (TGA) was carried out on a NETZSCH-STA449F3
thermo-analyzer with a heating rate of 10 °C min~! and air
atmosphere.

2.3. Electrochemical experiments

Preparation of electrodes. The electrode consisting of
Bi@NC or BOC (60 wt%), acetylene black (AB, 30 wt%),
and poly(vinylidene fluoride (PVDF, 10 wt%). They were
mixed and dispersed in Nmethyl-2-pyrrolidinone to form a
slurry, and the slurry was cast onto Cu foil and dried at 70 °C
for 24 h.

Preparation of electrolytes. 0.4 M APC electrolyte and
glyme (DME) were purchased from Suzhou Industrial Park
Sange Chemical Technology Co., Ltd. The fluoride alkyl Mg
salt (Mg(PFTB),) electrolyte was prepared based on our pre-
vious work [30]. In an argon filled glovebox, AICl3 (2 mmol)
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was dissolved in 5 mL. DME. Then, Mg(PFTB), (I mmol)
was added into the above solution. After magnetic stirring at
room temperature for minutes, a clear solution was obtained.
Finally, MgCl, (1 mmol) was added to the above solution
and stirred at 60 °C for 12 h to obtain a clear and colorless
solution. The Mg(PFTB), electrolyte was obtained.

The magnesium storage performance test for BiI@NC and
BOC. The magnesium storage performances of Bi@NC and
BOC were tested by CR2016 coin cell assembled with the
prepared electrodes, GF/A as separator, APC electrolyte or
Mg(PFTB), electrolyte. The active materials loading on the
cathode (10 mm diameter) is about 1.0 mg cm™2. All electro-
chemical performance tests were carried out at room temper-
ature. The LAND CT2001A and NEWARE multichannel bat-
tery testing systems were used for cycling performance and
rate performance test. Cyclic voltammetry (CV) tests were
performed with an Autolab PGSTAT 302 N electrochemical
workstation.

3. Result and discussion

The XRD patterns of both the prepared BOC and Bi@NC
materials are presented in Fig. la. It is evident that all
diffraction peaks from BOC can be attributed to the tetrag-
onal Bi,O,CO;3; (PDF#41-1488, 14/mmm). The XRD pattern
of Bi@NC can also be well indexed to the hexagonal Bi
(PDF#44-1246, R-3m). The results indicate that pure-phase
BOC and Bi@NC have been successfully prepared. The crys-
tal structures corresponding to BOC and Bi@NC are shown
in Fig. 1b and c respectively. The structure of BOC consists of
alternating stacking layers of (Bi,0,)*>" and CO3>~. The crys-
tal structure of Bi is a typical metallic structure and contains
only metallic bonds. The SEM and TEM images show that
the morphology of BOC is a flower composed of nanosheets
(Figs. 1d and S1) and the morphology of Bi@NC derived
from BOC is nanoparticles (Fig. S2). The morphology and
structural characteristics of Bi@NC were further analyzed by
TEM. The bright-field (BF) and high-angle annular dark-field
(HAADF)-STEM images of the Bi@NC (Fig. le and f) indi-
cate that Bi nanoparticles are encapsulated by carbon derived
from the pyrolysis of PDA. The high magnification HAADF-
STEM image of Bi@NC is shown in Fig. 1g and the bright
dots in the HAADF-STEM image are assigned to Bi atoms
and the position of Bi atoms is consistent with the crystal
structure of Bi along b direction. The HAADF-STEM im-
age of Bi@NC shows that the interplanar spacing is 3.3 A,
corresponding to the (012) crystal plane of Bi. The HAADF
image of Bi@NC with elemental maps (Fig. 1h) show the
distribution of Bi, C and N elements. The energy disper-
sive X-ray (EDX) spectrum of Bi@NC (Fig. S3) further con-
firms the presence of Bi, C and N elements. Furthermore, the
presence of N and C elements was analyzed through XPS.
Fig. 1i shows the XPS spectra of N 1 s for Bi@NC and
the three peaks correspond to pyridinic-N, pyrrolic-N and
quaternary-N, respectively [31]. The XPS spectra of C 1 s
and O 1 s for Bi@NC are shown in Fig. S4, indicating the
presence of C-N and Bi-O bonds. The wide XPS spectrum

of Bi@NC also indicates the presence of Bi, C, O and N ele-
ments (Fig. S5). The XPS spectra of C, N and O elements for
BOC are also displayed in Fig. S6. The presence of N element
is due to the addition of urea during the synthesis process.
The Raman spectra of Bi@NC (Fig. 1j) proves the presence
of carbon, and the result of TGA shows the carbon content
is 17.8% (Fig. S7) [32]. However, the peaks corresponding
to carbon are not observed in the Raman spectrum of BOC
(Fig. S8).

To observe the encapsulation structure and form of carbon
in Bi@NC, HAADF-STEM images of Bi@NC with Bi and
carbon layer is shown in Fig. 2a. We can observe that the
carbon layer is in close contact with the Bi particles at the
interface, which is beneficial to improving the electronic con-
ductance of Bi and buffering large volume changes during the
electrochemical process. Surprisingly, in the HAADF-STEM
image of carbon layer (Fig. 2b), we can find that a large
number of Bi single atoms or clusters are embedded into the
carbon, which may enhance the reaction kinetics of Bi to a
certain extent. The presence of Bi single atoms can also be
observed in other carbon layers (Fig. S9). In addition, the
XPS spectra of Bi 4f (Fig. 2c) shows that the valence state
of Bi for Bi@NC is +3, which is the same as the valence
state of Bi in BOC (Fig. S10). The observation of Bi** for
Bi@NC may be caused by the presence of single-atom Bi or
Bi,O3 on the particle surface. Combined with the TEM re-
sults, the presence of single-atom Bi in Bi@NC can be further
confirmed by XPS.

To further demonstrate the encapsulation form of carbon
in Bi@NC, 3D tomography reconstruction was used. A set
of 75 HAADF-STEM images (Fig. 2d) was obtained within
a range of 150° with an interval of 2° for tomography re-
construction. The reconstructed Bi@NC model is shown in
Fig. 2e and f. According to the different HAADF contrasts
of Bi and C elements, the color of the corresponding carbon
and Bi nanoparticles in the reconstructed Bi@NC model is
adjusted to translucent green and orange, respectively. The
reconstructed Bi@NC model with different colors (Fig. 2e
and Supplementary Video 1) indicates that Bi nanoparticles
are encapsulated within a 3D carbon structure, which can be
further shown by the three views in Fig. 2f and the orthoslices
(Fig. 2g). Based on the contrast differences, the carbon shell
and individual Bi nanoparticles in Bi@NC are represented
using different colors (Fig. 2h and i, Supplementary Video
2). The reconstructed models of Bi nanoparticles and car-
bon shells are illustrated in Fig. 2j and Fig. 2k, respectively.
Notably, the carbon shell is continuous (Fig. 21), and some
isolated Bi nanoparticles can be encapsulated together by the
continuous carbon shell, effectively improving the electronic
conductivity of Bi and buffer volume changes. The above re-
sults indicate that Bi nanoparticles encapsulated in nitrogen-
doped carbon with single-atom Bi embedded was successfully
prepared.

The magnesium storage performance of Bi@NC and
BOC were evaluated in APC electrolyte and Mg(PFTB),
electrolyte. The rate performance of Bi@NC and BOC,
in Mg(PFTB), electrolyte, are depicted in Fig. 3a and the
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Fig. 1. (a) XRD patterns of BOC and Bi. Crystal structures of (b) BOC and (c) Bi. (d) SEM image of BOC. (¢) BF-STEM and (f) HAADF-STEM images
of Bi@NC. (g) HAADF-STEM images of Bi@NC and corresponding crystal structure along b direction. (h) HAADF image of Bi@NC and corresponding
elemental maps. (i) N 1 s XPS spectra of Bi@NC. (j) Raman spectra of Bi@NC.

corresponding charge-discharge curves at various current are
provided in Figs. SI11 and S12. At 100 mA g~!, Bi@NC
delivers a high capacity of 347.5 mAh g~'. Even at 500 mA
g~!, Bi@NC exhibits a discharge capacity of 206.4 mAh
g~!, indicating good rate performance. However, as the
precursor of Bi@NC, BOC exhibits poor rate performance
(only 63.9 mAh g7 '@500 mA g~') in Mg(PFTB), elec-
trolyte. Fig. 3b shows the charge-discharge profiles of BOC
and Bi@NC at 200 mA g~! and it can be observed that
Bi@NC exhibits a smaller overpotential and higher capacity.
The charge-discharge curve of Bi@NC for the first cycle is
shown in Fig. S13. For comparison, the magnesium storage
performance of Bi@NC and BOC were also tested in APC
electrolyte. BI@NC only has a low capacity of 2.1 mAh g~!
even at 50 mA g~! (Fig. S14). BOC exhibits a discharge
capacity of 155.9 mAh g=! at 100 mA g=! in APC elec-
trolyte (Fig. S15), which is close to the capacity of BOC

in Mg(PFTB), electrolyte. The results demonstrate that elec-
trolyte formulations have a huge impact on electrode material
performance. Therefore, the compatibility of electrolytes and
electrode materials should also be considered while improv-
ing or designing the structure of electrode materials. Fig. 3c
exhibits the cycling performance of Bi@NC in Mg(PFTB),
electrolyte at 200 mA g~'. The low Coulombic efficiency
at the first cycle may be caused by the presence of Bi** in
Bi@NC (Fig. 2c). Bi@NC has a specific capacity of 289.4
mAh g=! and 300 cycles with 74.7% capacity retention.
Bi@NC can also demonstrate a high specific capacity of
263.4 mAh g~! (Fig. 3d) and a long life of 400 cycles with
a high capacity retention of 82.5% (Fig. 3e) at 500 mA g~
Compared with the Mg?* storage performance of Bi@NC
with reported Bi and Bi-based compounds for MBs (Fig. 3f),
Bi@NC exhibits longest cycle life, which is closely related
to the stability of the material structure and the electrolyte.



J. Wang, R. Yu, J. Wang et al./Journal of Magnesium and Alloys 11 (2023) 41814188

96°
3

Front view

] f Frontview

y F N \ )
D Tomograph ; € sl
Reconstructio ¥ y -
> E Top view

,»‘/,\\,\ 2
FANS L2 )
o
Q *Z
»X

4185

Bi 4f

Bi 4,

Intensity (a.u.)

Bi@NC
166

164 162 160 158
Binding energy (eV)

156

Right view

o

1857

675 nm

Fig. 2. (a) and (b) HAADF-STEM images of Bi@NC at different area. (c) Bi 4f XPS spectra of Bi@NC. (d) HAADF-STEM images of Bi@NC at different
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orthoslicing images of Bi@NC. (h-1) Analysis of carbon shell and Bi nanoparticle distribution in Bi@NC by 3D tomography reconstruction techniques.

To study the reaction kinetic of Mg?* in Bi@NC, the mul-
tiple scan rate CV curves are collected from 0.2 to 0.8 mV s}
(Fig. 3g). CV curve of Bi@NC for the first cycle is shown in
Fig. S16. The cathodic and anodic peaks shifted slightly with
the increasing scan rate from 0.2 to 0.8 mV s~!, suggesting
excellent reaction kinetic. By analyzing the multi-scan CV
curves according to the Eq. (1): [33]

i=a’ (1)

i is the peak current and v is the scan rate. a and b are
variables in the Eq. (1). Thereinto, »=0.5 and b=1 means
diffusion dominated and capacitive controlled charge storage,
respectively. In Fig. 3h, the b values for peak 1 and peak 2 are
0.35 and 0.32 respectively, which indicate that the diffusion
process played a dominated role in Bi@NC.

The magnesium storage mechanisms of Bi@NC and BOC
in Fig. 4 are revealed through various characterizations. The
ex-situ XRD patterns of Bi@NC at different states (Fig. 4a

and b) shows that, as the discharge process proceeds, some
new diffraction peaks corresponding to Bi;Mg3 are observed.
At the end of charging, the diffraction peak of Bi,Mg; dis-
appears and all diffraction peaks can be indexed to Bi@NC.
The results demonstrate that the magnesium storage mecha-
nism of Bi@NC is an alloying reaction based on the transfor-
mation of Bi to BiMgs. The ex-situ XRD patterns of BOC
(Fig. S17) show that the diffraction peaks observed at the fully
discharged can be indexed to hexagonal Bi (PDF#44-1246,
R-3m), indicating that the magnesium storage mechanism of
BOC is a two-phase transformation reaction. However, at the
fully charged, most of the diffraction peaks do not return to
their initial positions and hexagonal Bi diffraction peaks are
still observed, which show that BOC exhibits poor reversibil-
ity. The XPS spectra of Mg 1 s (Fig. 4c) and the full wide
XPS spectra (Fig. S18) for Bi@NC at different states confirm
the insertion and extraction of Mg?* during the electrochem-
ical process. The Mg?* insertion and extraction of BOC are
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Fig. 3. (a) Rate performance of Bi@NC and BOC. (b) Charge-discharge curves of Bi@NC and BOC at 200 mA g~!. (c) Cycling performance of Bi@NC at
200 mA g~'. Charge-discharge curve (d) and cycling performance (e) of Bi@NC at 500 mA g~'. (f) Comparison of Mg?* storage performance of Bi@NC
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also demonstrated through the Mg 1 s XPS spectra (Fig. S19)
and the full wide XPS spectra (Fig. S20). The valence state
change of Bi during the electrochemical process is addition-
ally characterized by ex-situ Bi 4f XPS spectra (Fig. 4d).
Compared with the initial state, most of Bi*t and Bi are con-
verted into Bi;Mgs at the fully discharged state (0.01 V). At
1.2 V (the fully charged state), the intensity of peaks cor-
responding Bi metal increases, indicating that the dealloying
process of Bi;Mg; occurs during the charging. Partial irre-
versible reactions lead to the presence of the Bi,Mg; peak
at the charged state, which can provide an explanation for
the low Coulombic efficiency at the first cycle and the ob-
served Mgls peak at the charged state. Ex-situ XPS spectra
of Bi 4f for BOC additionally indicate the formation of Bi
and Bi,Mg; (Fig. S21).

The morphology and structural changes of Bi@NC during
charge and discharge are further studied by ex-situ TEM. The
TEM image of Bi@NC (Fig. 4e) at the discharged state indi-
cates that Bi nanoparticles undergo fragmentation, which may
be attributed to the significant volume changes resulting from

alloying reactions. However, the fragmented Bi nanoparticles
are still well-encapsulated by the carbon shell, effectively pre-
venting the loss of active material. Distinct lattice fringes are
clearly visible in the high-resolution TEM (HRTEM) images
of Bi@NC (Figs. 4f and S22). Lattice spacings of 4.07 A
and 2.34 A correspond to the (100) and (110) crystal planes
of Bi;Mgs, respectively. While lattice spacings of 3.26 A
and 3.25 A correspond to the (012) crystal planes of Bi. At
the charged state, the morphology of Bi@NC, as depicted in
Fig. 4g, exhibits no significant changes, and distinct lattice
fringes are still observable in the HRTEM images (Fig. 4h
and Fig. $23). Lattice spacings of 3.75 A, 3.25 A and 1.97 A
correspond to the (101), (012) and (006) crystal planes of Bi,
respectively. Lattice spacing of 2.75 A correspond to the (102)
crystal planes of Bi;Mg;. The elemental maps of Bi@NC at
fully discharged state (0.01 V) (Fig. 4i) and EDX spectrum
(Fig. S24) also demonstrate the insertion of Mg>* ions. The
signal of Mg element for the charged Bi@NC is significantly
weakened (Fig. S25 and S26), which confirms the deinsertion
of Mg?* ions. The results from ex-situ TEM further confirm
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Fig. 4. (a) and (b) Ex-situ XRD patterns of Bi@NC at different charge or discharge states. (c) Ex-situ XPS spectra of (c) Mg 1 s and (d) Bi 4f for BiI@NC
at different states. TEM image (e) and HRTEM image (f) of Bi@NC at fully discharged state (0.01 V). TEM image (g) and HRTEM image (h) of Bi@NC
at fully charged state (1.2 V). (i) HAADF image and corresponding elemental maps of Bi@NC at fully discharged state (0.01 V).

the Mg?* storage mechanism of Bi@NC based on alloying
reactions, consistent with the results obtained from ex-situ
XRD and XPS.

4. Conclusions

In summary, we have successfully prepared Bi nanoparti-
cles encapsulated in nitrogen-doped carbon with single-atom
Bi embedded by low temperature calcination method. The
atomic arrangement of Bi metal and the distribution of single-
atom Bi are revealed through spherical aberration-corrected
STEM. The coating state and form of carbon in Bi@NC are
deeply analyzed by 3D tomography reconstruction techniques.
Furthermore, we have evaluated the magnesium storage per-
formance of Bi@NC as an anode material for MBs in a flu-
oride alkyl Mg salt electrolyte. At 100 mA g~!, Bi@NC ex-
hibits a high discharge capacity of 347.5 mAh g~'. Even at

500 mA g~!, Bi@NC has a capacity of 263.4 mAh g~! and
82.5% capacity retention after 400 cycles. Compared with re-
ported Bi and Bi-based compound anodes for MBs, Bi@NC
exhibits the longest cycle life. Finally, the magnesium stor-
age mechanism of Bi@NC is shown to involve an alloying
reaction from Bi to Bi,Mgs; by ex-siru XRD, XPS and TEM.
This work demonstrates that electrolyte formulations have a
huge impact on electrode material performance, and the com-
patibility of electrolytes and electrode materials should also
be considered while designing the structure of electrode ma-
terials.
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