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ABSTRACT: Simple magnesium salts with high electrochemical and chemical stability and adequate ionic conductivity represent a
new-generation electrolyte for magnesium (Mg) batteries. Similar to other Mg electrolytes, the simple-salt electrolyte also suffers
from high charge-transfer resistance on the Mg surface due to the adsorbed species in the solution. In the current study, we built a
model Mg cell system with the Mg[B(hfip),],/DME electrolyte and Chevrel phase Mo4Ss cathode, to demonstrate the effect of such
anode—electrolyte interfacial properties on the full-cell performance. It was found that the cell required additional activation cycles
to achieve its maximal capacity. The activation process is mainly attributed to the conditioning of the anode—electrolyte interface,
which could be boosted by introducing an additive amount of Mg(BH,), to the Mg[B(hfip),],/DME electrolyte. Electrochemical
and spectroscopic analyses revealed that the Mg(BH,), additive helps to remove the native oxide layer and promotes the formation
of a solid electrolyte interphase layer on Mg. As a result, the full cell with the additive-containing electrolyte delivered a stable
capacity from the second cycle onward. Further battery tests showed a reversible cycling for 600 cycles and an excellent rate
capability, indicating good compatibility of the Mg(BH,), additive. The current study not only provides fundamental insights into
the interfacial phenomena in Mg batteries but also highlights the facile tunability of the simple-salt Mg electrolytes.

KEYWORDS: Mg intercalation, noncorrosive electrolyte, electrolyte additive, electrode—electrolyte interfaces, Chevrel phase MosSg

1. INTRODUCTION shuttle.” The bivalency and high charge density of Mg*" ions
induce a strong tendency to form ion pairs in liquid organic
electrolytes,”” providing limited ionic conductivity and
generating detrimental interfacial issues.® In the electrolyte
solution, there are competitions between solvent molecules
and anions in coordination with Mg?* ions.” Approaches to
sufficient cation—anion dissociation include either introducing
auxiliary anions with larger association strength (e.g., chloride

Electrochemical deposits of magnesium (Mg) from a non-
aqueous electrolyte solution exhibit a more homogeneous
morphology than the monovalent counterparts (Li and Na),'
allowing the implementation of the metallic Mg anode into the
respective battery systems with less safety concern. The
resulting rechargeable Mg batteries (RMBs) could theoretically
promise solutions for high-energy-density devices in a cost-

. 10,11 . . ) . >
efficient and sustainable manner.” With the development of the ions) or developing anions that interact weaker with Mg™
first prototype system,” the RMB has the potential as an —
alternative and complementary strategy for the prevalent Received: May 7, 2021
lithium-ion (Li-ion) technology.* Accepted:  June 23, 2021

However, transfer of results from the state-of-the-art Li- Published: July 6, 2021

based technology to the Mg systems is not straightforward, as
battery chemistries involving divalent Mg ions are significantly
different from the redox reactions that are based on the Li-ion
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Figure 1. Galvanostatic cycling of a three-electrode cell comprising a MogSg working electrode (WE), a Mg reference electrode (RE), and a Mg
counter electrode (CE): voltage profiles of the MogSs WE (a) and the Mg CE (b). The cell was cycled at 50 mA g™, with a 0.3 M Mg[B(hfip),],/
DME electrolyte. (c) XRD patterns of the electrodes before and after cycling.

ions than the solvent molecules.'”” The CI~ ions in the
electrolyte were also identified as a multifunctional component
and essential for interfacial charge transfer at the anode—
electrolyte interfaces.'”'* However, the corrosive nature of the
Cl-based electrolytes limit their practical application. In
contrast, the weak coordination concept enables simple ionic
solution and exhibits high electrochemical stability and
chemical compatibility, which are essential requirements for
high-capacity conversion cathodes'>'® and high-voltage
insertion cathodes,'” therefore representing advanced Mg
electrolyte systems.

Despite the abovementioned excellent properties, this type
of electrolyte also suffers from a growing anode impedance
during open-circuit voltage (OCV), similar to other Mg
electrolyte systems.'® The large impedance was correlated to
some electrochemically inactive species in solution that tends
to form an adsorption layer on the Mg surface, which hinders
the mass transport and results in a huge voltage spike in the
initial plating/stripping process. The adsorption layer gradually
vanishes upon applying some voltage bias, and the over-
potentials quickly drop to a small and stable value with a
prolonged cycle in chronopotentiometry studies using
symmetric cell conﬁguration.19 However, overcoming such a
huge energy barrier in the case of practical galvanostatic cycling
with a limited voltage window may require a long conditioning
process, leading to a misevaluation of the cathodes or the cell
performance. The unique interfacial issue can be greatly
mitigated by replacing the Mg metal anode with the Mg;Bi,
alloy, which shows drastic reduction of the anode impedance
during OCV.”® Similar improvement was observed when
protecting the pristine Mg surface with a thin MgF, layer”' or
an alloy-based interphase,” implying that correct control of

the interface is of considerable practical concern in Mg
batteries.

In this study, we established a model system to demonstrate
the impact of the abovementioned interfacial issue in a full cell,
which contains the benchmarking Chevrel phase Mo4Sg
cathode, magnesium tetrakis(hexafluoroisopropyloxy)borate/
dimethoxyethane (Mg[B(hfip),],/DME) electrolyte and a Mg
anode. It was found that reversible Mg de-/intercalation in the
Mg[B(hfip),],/DME electrolyte is possible, but the cell
requires some activation cycles. Further electrochemical
analysis together with spectroscopic study attributed the
activation process mainly to the conditioning of the anode—
electrolyte interfaces, in addition to some adjustment of the
cathode structure. The activation can be alleviated by
introducing magnesium borohydride Mg(BH,), as an electro-
lyte additive, which is beneficial for the removal of the native
oxide layer and formation of a solid electrolyte interphase
(SEI). By applying the Mg[B(hfip),], electrolyte with an
optimized Mg(BH,), additive concentration, the Mo,S;—Mg
cell provided an activation-free stable cycling for up to 600
times.

2. RESULTS AND DISCUSSION

2.1. Mg Intercalation into the Mo,Sg Cathode from a
MgI[B(hfip),],/DME Electrolyte. Mg storage in the Mo4S,
cathode seems highly dependent on the chloride-based
electrolyte systems, in which the CI” ions play decisive roles
in the electrode—electrolyte interfaces at both anode and
cathode sides.'>*® So far, the combination of the Mg[B-
(hfip),],/DME electrolyte with the insertion cathode was only
investigated with either a special cathode design®* or a novel
intercalation chemistry.”® To validate the feasibility of the

https://doi.org/10.1021/acsami.1c08476
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Figure 2. Electrochemical tests of the 0.3 M Mg[B(hfip),],/DME electrolytes with and without the Mg(BH,), additive: (a) initial Mg plating in
the first cycle CV scan; (b) LSV of the electrolytes with various additive concentrations; (c) comparison of the first cycle CV with the neat
electrolyte and with S mM Mg(BH,),; (d) Coulombic efficiency of Mg plating/stripping using the neat electrolyte and with S mM Mg(BH,),. Pt

was used as the WE in all the CV and LSV measurements.

model system, Mg intercalation into the Mo4Sg cathode was
first studied by means of galvanostatic cycling in a three-
electrode cell. In order to mimic the two-electrode condition in
the later sections, the applied voltage window of the three-
electrode cell was set to 0.5—2.5 V versus Mgcg. Figure la
shows the voltage profiles of the Mo4Sy cathode versus Mgy
upon cycling, from which an increase in the capacity in the first
20 cycles was observed. The capacity increase is partially
related to an activation process at the cathode side, as
indicated by a simultaneous decrease in the charge—discharge
overpotentials with more and more prominent voltage
plateaus. According to a previous study, diffusion kinetics
increases with the increase in Mg content in the Mo4Sg
lattice.® Therefore, a possible reason for the evolution of the
charge—discharge curves could be some structural adjustment
of the cathode host, which improves further Mg-ion mobility.

Nevertheless, the capacity stabilized at ~48 mA h g™" after
the activation cycles, with a discharge plateau at ~1.0 V and a
voltage hysteresis of ~0.2 V. To clarify the de-/magnesiation
process, electrodes at various states of charge were investigated
by X-ray diffraction (XRD). As shown in Figure lc, the pattern
for the discharged sample can be indexed as a mixture of
MgMo4Sg and Mg,MogS,, while the diffraction of the charged
sample results in a pure MgMosS; phase.”” The XRD data
demonstrate that the Mg[B(hfip),],/DME electrolyte supports
Mg de-/intercalation in Mo4Sg, even at a high current of SO
mA g~' (~0.4 C). The trapping of Mg in the MgMo,Ss
structure may result from a slow diffusion kinetics at a low Mg
content (x < 1), when Mg ions only occupy the inner rings of
the cage.”® This also explains the respective voltage profile

33125

(Figure la), where the higher discharge plateau at ~1.2 V is
missing.

In addition to the cathode contribution, Mg plating/
stripping at the anode side could be the main reason for the
activation process. As shown in Figure 1b, the Mg stripping
process requires initially a very large overpotential of 1.22 V. A
similar voltage spike was observed in our previous study with a
Mg—Mg symmetric cell using the same electrolyte and could
be attributed to electrochemically inactive species adsorbed on
the Mg surface that generate a large charge transfer
impedance.”” The voltage spikes still appeared but quickly
vanished in the subsequent cycles. In each cycle, the stripping
voltage drops to <0.1 V immediately after operating the cell,
and the value is further reduced to 0.01 V after 20 cycles. In
contrast, the respective plating processes suffer from more
pronounced and persistent overpotentials of —0.43 V in the
first cycle, which decreases to —0.15 V in the 20th cycle. The
large overpotentials for Mg plating in the initial cycles reflect
the sluggish charge transfer at the anode side, which could be
related to the native oxide layer on fresh Mg foil. This intrinsic
layer may impede the de-/magnesiation process at the cathode
side and contributes to the overall charge—discharge over-
potentials of the full cell (see Figure S1).

2.2, Mg(BH,), as an Additive to the Mg[B(hfip),l./
DME Electrolyte. In order to alleviate the activation process,
Mg(BH,), was introduced as an electrolyte additive, with
concentrations ranging from 2.5 to 10 mM, in the 0.3 M
Mg[B(hfip),],/DME electrolyte. Cyclic voltammetry (CV)
experiments of a Mg—Pt cell in Figure 2a showed a significant
reduction of the overpotential related to Mg plating in the first
cycle with the additive-containing electrolyte. At an onset

https://doi.org/10.1021/acsami.1c08476
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Figure 3. EIS of Mg—Mg symmetric cells after resting in the (a) neat electrolyte or (b) electrolyte with a S mM additive and upon cycling in the

(c) neat electrolyte or (d) electrolyte with a 5 mM additive.

current of —0.6 mA cm™? a relatively high overpotential of
—0.76 V was received for the neat Mg[B(hfip),],/DME
electrolyte, which is ascribed to the native oxide layer of the
Mg foil and the adsorption species at the interfaces that
impede Mg-ion mobility."*'” With an increasing amount of
Mg(BH,),, the initial plating overpotential gradually decreased
to —0.63 V (2.5 mM), —0.52 V (5 mM), and —0.46 V (7.5
mM). A further increase in the Mg(BH,), concentration did
not change the value any more (—0.45 V for 10 mM).

It should be mentioned that Mg(BH,), provides a notably
narrow electrochemical window,”® which limits its application
as a bulk electrolyte salt to certain electrode couples.
Therefore, the effect of the additive on the electrochemical
window of the electrolyte was investigated by linear sweep
voltammetry (LSV). In the case of the neat electrolyte (Figure
2b), no obvious current was measured for up to 4.0 V at a scan
rate of 1 mV s™". The oxidative stability of the neat electrolyte
is beyond the limit of DME, which might be due to some
passivation layers on the surface of the WE which suppress the
DME decomposition.”” In contrast, new oxidation peaks start
to form at lower voltages after the addition of Mg(BH,), to the
electrolyte solution. With an additive concentration of 2.5 mM,
a broad peak occurs at around 3.5 V, which originates from the
decomposition of the solvent, that is, DME."* Emergence of
the peak related to DME oxidation might be due to some
pitting corrosion of the WE in the presence of BH,  (or
[B(hfip),]” anions). Therefore, the surface of the WE was
activated for the decomposition of the solvent. When the
Mg(BH,), concentration was increased to S mM, an additional
oxidation peak related to the decomposition of BH,™ at ~2.5V
appeared.”® Further increasing the concentration of Mg(BH,),

33126

leads to more prominent peaks for the oxidation of BH,™ and
DME, resulting in a reduced electrochemical window.

Considering both the initial overpotentials for Mg plating
and the anodic stability, the electrolyte with S mM Mg(BH,),
was selected for further study. Due to the reduced over-
potentials, the current response for Mg plating/stripping in the
first cycle from the electrolyte with S mM Mg(BH,), is much
more prominent than that from the neat electrolyte, as shown
in Figure 2c. Furthermore, the CV curves of the electrolyte
with the additive are almost overlapping in the following cycles
(see Figure S2), suggesting a reversible and conditioning-free
redox process on the Pt electrode. In comparison, Mg plating/
stripping from the neat electrolyte suffers from a conditioning
process as reported in a previous study.'” The reversibility of
Mg plating/stripping was further examined by the Coulombic
efficiency (CE) determined from the CV measurement. As
presented in Figure 2d, a stable CE value of ~99.3% was
received for the additive-contained electrolyte, while the CE
values for the neat electrolyte showed instability in the first 10
cycles before constantly increasing from 97.5 to 99%.

To clarify the origin of the plating/stripping overpotentials,
chronopotentiometry of Mg—Mg symmetric cells was
performed, during which electrochemical impedance spectra
(EIS) were recorded under both electrochemical static and
dynamic conditions. Figure S3 shows the voltage profiles of the
symmetric cells with a neat electrolyte (red) and the additive-
modified electrolyte [S mM Mg(BH,),, green]. With the neat
electrolyte, the cell exhibits an initial overpotential of —0.52 V
(Figure S3b), which decreases gradually during the plating
process. The development of the voltage profile can be
explained by a gradual activation of the electrode, possibly due
to the removal of the native oxide layer at the counter Mg

https://doi.org/10.1021/acsami.1c08476
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Figure 4. Equivalent circuit used for the fitting of the EIS results (a). Solid interfacial layer refers to a native oxide layer on Mg foil under static
conditions, while it corresponds to a newly formed SEI layer under dynamic conditions. Development of impedance related to the adsorption layer
(R2) and solid passivation layer (R3) during the rest time (b) and upon cycling (c).

electrode and/or building-up of a new interphase. In
comparison, the cell with the additive-containing electrolyte
shows a plating plateau at —0.20 V with an onset value of
—0.35 V, suggesting a kinetically more favorable and more
homogeneous plating process. Upon further cycling (see
Figure S3a), the plating overpotentials of the cells remained
stable at around —0.10 V for both electrolytes, but the additive-
containing electrolyte requires less conditioning cycles before
reaching the stable state.

The symmetric cells were further tested after letting them
rest for 10 h after every 50 cycles, in order to check the
influence of the adsorption layer on the continuous switch
between “on” and “off” states of a battery. As shown in Figure
S4, there is always an overpotential spike noted after every
resting period, suggesting a long-term effect. However, due to
the conditioning of the Mg surface, the following spikes are
only in the range of 0.1—0.2 V, which is much smaller than the
first one.

According to previous studies, the high impedance in
the initial Mg plating process is mainly related to an
electrochemically inactive adsorption layer on the electrode
surface. When monitoring the process by EIS, a growth of the
impedance value during the rest time was observed for both
electrolytes (Figure 3a,b). Additionally, we speculate that the
native oxide layer on the Mg surface also contributes to the
overpotentials. Therefore, a model that considers the above-
mentioned processes (see Figure 4a) has been applied to fit the
experimental EIS data. In particular, variations of the charge
transfer resistances that originated from the adsorption layer
(R2) and the solid interfacial layer (R3) are highlighted in
Figure 4b. After 0.5 h rest, R2 and R3 contributed almost
equally to the total impedance. However, R2 increased rapidly
and exceeded 100 k2 cm? after a rest time of 11.5 h, which
suggests a growth of the adsorption layer under static
conditions. In comparison, the change in R3 over time was

18,19
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negligible, indicating a good chemical compatibility between
both electrolytes and the Mg anode. The addition of the
Mg(BH,), additive leads to a significant decrease in R3. This is
probably due to a preferential adsorption of the reductive
BH,™ at the interfaces, which is beneficial for removing the
thin oxide layer on the fresh Mg anode and thus leading to a
lower initial plating overpotential.

Upon cycling, the cell impedance decreased rapidly, as
shown in Figure 3c,d. A simultaneous change in voltage
hysteresis reveals their correlations (cif. Figure S3). The same
equivalent circuit, as shown in Figure 4a, was applied to
understand the interfacial charge transfer processes. R2 still
represents the impedance induced by the adsorption layer, and
R3 shows the impedance of the interphase layer including the
remaining oxide layer and the formed SEI. Fitting the EIS data
results in a sharp drop of R2 to a neglectable value upon
cycling (Figure 4c), which is most probably due to the breakup
of the adsorption layer under voltage bias and upon ion
shuttling. The impedance related to the adsorption layer did
not show a significant difference in both electrolytes, which
could indicate that the additive amount of Mg(BH,), would
not change the evolution of the adsorption layer. In contrast,
there is a gradual change in the impedance related to the solid
surface layer (R3) with respect to the cycle number, indicating
a conditioning of the intrinsic thin film on the Mg surface.
Nevertheless, the cell with the additive-containing electrolyte
exhibits fewer conditioning cycles than the one with the neat
electrolyte. After 10 cycles, the R3 value in the former case is
only half of that in the latter case (696 Q cm” vs 1284 Q cm?).
Afterward, R3 gets fairly stable in the additive-contained
electrolyte. Moreover, after 50 cycles, the R3 values are close to
each other for both electrolytes (460 Q cm? vs 427 Q cm?).
The rapid change in R3 can be attributed to the higher
reactivity of BH,™ and its higher association strength that
promote the interfacial charge transfer by facilitating the
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Figure 5. XPS spectra of Mg anodes cycled with the (a) neat electrolyte and (b) additive-containing electrolyte at selected depths.

formation of the SEL'® The result demonstrated that a small
amount of Mg(BH,), additive is enough to modify the
interfacial properties.

To gain more insights into the composition of the interfacial
layers on the Mg anodes, X-ray photoelectron spectroscopy
(XPS) measurements were carried out. XPS measurements
were also collected after Ar* ion sputter treatment (for 3, 10,
and 30 min, sputter rate ~1 nm min~") of the samples in order
to create a depth profile. Figure S5 compares the development
of the elemental concentrations with increasing depth of Mg
anodes after initial cycles with the neat electrolyte or additive-
containing electrolyte. In both cases, a significant amount of
non-Mg metal components was detected on the topmost

surface, indicating the formation of an SEI layer after cycling.
Furthermore, the semiquantitative analysis shows a similar
trend in both electrolytes with increasing layer depth: a
simultaneous reduction of the C, O, F, and B concentrations
goes along with an increase in Mg content within the surface
region of the Mg anodes. The development of the interfacial
compositions suggests that the thickness of the SEI layer was
only limited to ~10 nm. Compared to the Mg anode cycled
with the neat electrolyte, the one cycled with the additive-
containing electrolyte has a lower Mg content but higher
content of the other elements at all measured depths,
suggesting a slightly thicker SEL
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Figure 6. (a) Initial voltage profiles of the cell with the Mg[B(hfip),],/DME-based electrolyte. (b) Voltage profiles of the cell with S mM
Mg(BH,), in various cycles. (c,d) Cycling performance of the cells and the respective CE. The inset of (c) shows the capacity change upon
extended cycling. All cells were tested with a cutoff voltage of 0.5—2.5 V at 50 mA g~".

Figure 5 displays the XPS detailed spectra in the Mg 2p, F
Is, and O 1s regions of the electrodes after cycling in the
electrolyte without or with additives. In the Mg 2p spectra,
there are two peaks detected at 49.5 and S1 eV, which
correspond to metallic Mg® and oxidized Mg** species (MgO,
MgF,, and so forth), respectively.””>' Comparison of the
intensities of these two features demonstrates that Mg>*
species were dominant on the surface, indicating that MgO
and MgF, are major components of the SEL Since bulk MgO
and MgF, suffer from a high Mg>" migration energy barrier, the
interphase layer is likely to have a porous structure that allows
Mg transport. A similar chemically inert interphase was also
reported elsewhere for reversible Mg”' and Ca plating.*>*
Upon sputtering, the peak of metallic Mg° gained successively
in intensity and became the dominating signal in the Mg 2p
region after removal of ~30 nm of the surface layer. A slight
shift of the peak related to the oxidized species can be noted
upon sputtering, which is most presumably related to changes
in the chemical environment of these species. The presence of
MgO and MgF, is corroborated by the detection of the
corresponding peaks of these species in the O 1s (MgO:
~530.5 eV) and F 1s (MgF,: ~685.5 eV) detailed spectra.
Furthermore, for the topmost surface (measurements before
sputtering), the detailed spectra in these two regions also
reveal the presence of other species such as —CF,, (F 1s peak at
~690 eV) and —CO,, (O 1s peak at ~532.5 eV) groups in the
SEI layer.”* These species are most probably coming from side
reactions (e.g., decomposition of the electrolyte) along with
Mg plating/stripping and/or the electrolyte residues. In
addition, B 1s signals were only detected in the spectra of
the topmost surface (Figure S6), which could be due to some
electrolyte residues rather than the SEI layer itself.
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Comparison of the spectra in Figure Sab leads to the
conclusion that SEI components, such as MgO, MgF,, and
species that contain —CF, and —CO,, groups, have a notably
higher concentration in the surface layer of the Mg anode
cycled with the additive-containing electrolyte. This result is
consistent with the quantitative analysis (Figure SS) that SEI
formation is easier in the presence of Mg(BH,),. Correlating it
with the Mg plating/stripping data, the XPS results also
demonstrate the beneficial effect of Mg(BH,), on building an
SEI layer which allows the anode—electrolyte charge transfer
and thereby results in a smaller overpotential. Moreover, the
SEI layer ensures chemically and electrochemically stable
interfaces which promise a long-term cycling stability at the
anode side.

2.3. Full-Cell Performance with the Mg[B(hfip),l./
DME-Based Electrolyte. Finally, the additive effect on the
full-cell performance was investigated in MogSg—Mg cells.
Compared to the neat electrolyte-based cell, a significant
improvement of the initial capacity was found with the
additive-containing electrolytes, as shown in the voltage
profiles in Figure 6a. After adding S mM Mg(BH,),, the cell
provided a discharge capacity of 96 mA h g™' in the first cycle.
In the following charge process, a distinct voltage plateau
appeared at 1.25 V, presumably corresponding to Mg
deintercalation from the outer-ring sites. The plateau was
followed by a charging slope, which could originate from the
extraction of Mg from the inner-ring sites.”” Increasing the
additive concentration to 7.5 mM did not improve the redox
reactions except for a slight extension of the charge plateau.

Figure 6b shows the voltage profiles of the cell with 5 mM
Mg(BH,),. Benefiting from fast anode conditioning and SEI
formation, the higher discharge capacity in the first cycle
ensured sufficient Mg”* ions inserted into the MogSg cathode.
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Although the Mg** ions that occupied the inner rings of the
Mo,Ss cages suffered from the kinetic issue,”” their occupation
boosted further Mg?* ion mobility. Therefore, the cell
delivered a stable capacity of ~70 mA h ¢! from the second
cycle onward (Figure 6¢), with a high CE (Figure 6d). In
contrast, the activation process with the neat electrolyte
(Figure S7) lasts for 20 cycles with a simultaneous increase in
the cell capacity to 68 mA h g™' and a gradual decrease in the
voltage hysteresis. This is accompanied by a reduction of the
CE from >250% to a stable value of ~97%, due to the slow
occupation of the inner-ring site of Mo4Sg in the activation
cycles. Once the inner-ring sites were fully occupied, the
activation process finished. From then on, both the capacity
and CE stabilized. It may be noted that the addition of
Mg(BH,), did not lead to a notable negative effect on the
long-term cycling performance, as evidenced in the inset of
Figure 6¢c. However, the poor chemical stability of Mg(BH,),
needs to be considered for its application as an electrolyte
additive in full-cell studies.

Nevertheless, it was noticed that the CE of the full-cell
measurement with S mM Mg(BH,), shows a decrease to 90%
during the first 20 cycles followed by an increase to 97% after
50 cycles (see Figure S8). The fluctuation of CE could be due
to the decomposition of BH,™ at high voltages, which could be
suppressed by narrowing the cutoff range. In fact, by lowering
the upper cutoff voltage to 1.8 V, a cell with the same
configuration provides a higher CE of >94% for the initial 50
cycles. As shown in Figure 7a, it also exhibits a stable discharge
capacity of ~50 mA h g™ at a current density of S0 mA g~' for
up to 600 cycles, demonstrating a superior cycling stability.
Higher capacities of 71 and 61 mA h g~' were obtained at
lower current rates of 10 and 20 mA g~ ', respectively (Figure
7b). Meanwhile, the discharge plateau at 1.2 V only appears at
low current density, confirming the kinetics issue for Mg
storage at the MogSg inner rings. For comparison, ion mobility
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in the outer rings is high enough even for a dis-/charge at a
high current of 100 mA g~' (~0.8 C), and the cell delivers a
capacity of 52 mA h g™'. Good capacity retention shown in
Figure 7¢ indicates an excellent rate capability. In addition, the
cell shows a low voltage hysteresis. In the dQ/dV plot (Figure
7d), the overpotential for de-/magnesiation was only 0.07 V at
20 mA g_l, indicating a high energy efficiency.

B CONCLUSIONS

In summary, we have demonstrated a reversible Mg
intercalation into Chevrel phase MoSg from the noncorrosive
electrolyte Mg[B(hfip),],/DME. To reach stable and rever-
sible Mg storage, the respective cell requires activation cycles,
during which a stable anode—electrolyte interface was
established. It was found that BH,™ can boost the activation
process by efficiently removing the native oxide layer on the
Mg surface and promoting the SEI formation. With only S mM
Mg(BH,), additive to the Mg[B(hfip),],/DME electrolyte, a
lower charge transfer resistance and reduced overpotentials in
the first cycles can be achieved. The improvement at the anode
side in turn helps initial Mg*" insertion into the Mo,Sg
cathode, resulting in a conditioning-free charge—discharge
process. By combining the Mo4Sg cathode and the additive-
containing electrolyte, the cell exhibits an excellent cycling
stability for up to 600 cycles with a superior rate capability and
a low voltage hysteresis. The current study points out the
significant role of the electrode—electrolyte interfaces in the
Mg-based chemistry. It also highlights the facile strategy by
applying functional additives for further optimizing the simple-
salt electrolyte systems.
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