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A B S T R A C T

The application of conventional electrolytes in rechargeable magnesium batteries is obstructed by their in-
compatibility with Mg metal anode. Herein, a functional layer with sustained-release effect is constructed on Mg 
metal by chemical reaction between p-bromoaniline and Mg to realize compatibility between conventional 
electrolyte and Mg anode in the long cycle. It is proved that the functional layer contains a large amount of 
MgBr2, aniline magnesium bromide and their derivatives, which are released into the electrolyte. The experiment 
and theoretical calculation certified that the dissolved MgBr2 alters the Mg2+ solvation structure distribution and 
accelerates the desolvation process dramatically. Compared to adding additives to the electrolyte directly, the 
residual sustained-release layer maintains the freshness of SEI and is more conducive to the formation of Br−

coordinated Mg2+. As a result, Mg electrodes with this functional layer maintains a low polarization voltage of 
0.2–0.4 V at a high current density of 1.0 mA cm− 2 above 1000 h without short circuit. The Mg||Mo6S8 battery 
presents a low overpotential of ~ 0.25 V during discharge/charge and remains 68.6 mAh/g after 300 cycles at 
the current density of 25 mA g− 1, confirming the practicability of this strategy.

1. Introduction

As a mature energy storage technology, lithium-ion batteries (LIB) 
have been extensively used in mobile devices and electrical vehicles 
[1–3]. But the high cost, rarity and uneven distribution of lithium re-
sources and potential safety hazards limit further development and 
application of LIB. In a variety of post lithium-ion batteries, recharge-
able magnesium batteries (RMB) have the advantages of low cost, high 
energy density, safety and reliability, which make up for the shortage of 
LIB [4–7]. Similar to Li metal, due to high reactivity, Mg metal tends to 
react with the conventional ester or ether-based electrolyte to generate 
the solid electrolyte interphase (SEI). However, as illustrated in Fig. 1a, 
the intrinsic bivalency of Mg2+ brings it a high charge density and strong 
Coulombic interaction, resulting in its inability to conduct in solid phase 
[8,9]. Simultaneously, strong Coulombic interaction between Mg2+ and 
solvation structure also enhances the activation energy of Mg2+ des-
olvation process, exacerbating the decomposition of electrolytes at high 
current density [10–12]. Consequently, Mg metal anode is severely 
passivated in conventional electrolytes, exhibiting extremely high 
overpotential (> 2 V) and irreversible stripping/plating behavior 

(Coulombic efficiency < 60 %) [13,14]. The efficient usage of the Mg 
metal is the premise to ensure the advantages of RMB, and considerable 
effort has been expended on Mg metal anode/electrolyte interphase.

In the earlier study, the solution for the problems above focused on 
stabilizing the Mg anode, so that the Mg does not react with the elec-
trolyte to avoid the formation of passivation film and achieve highly 
reversible stripping/plating behavior, such as the development of 
Grignard-based, organoborate-based electrolytes system [15–17]. 
Nevertheless, these electrolytes still have limitations. For example, 
Grignard-based electrolyte have the flaws of low anodic stability, Cl−

corrosion and strong Mg-Cl bond [18,19], and the organoborate-based 
electrolyte has the problems of expensive raw materials, complicated 
preparation process and high cost [20,21]. In contrast, the conventional 
Mg electrolytes, such as Mg(PF6)2 or magnesium bis(tri-
fluoromethanesulfonyl)imide (Mg(TFSI)2) etc. dissolved in ether, ester 
or nitrile solvents not only avoid complicated preparation processes, but 
also have higher anodic stability to match cathodes with higher voltages 
[22–24]. The difficulty in the application of conventional Mg electro-
lytes lies in the passivation of Mg caused by uncontrolled decomposition 
of anions and solvent [25–28]. The compatibility between conventional 
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electrolyte and Mg anode can be realized by constructing functional 
layer on Mg surface to prevent Mg metal passivation and electrolyte 
decomposition. Since Ban et al. initially constructed an artificial inter-
phase on Mg powder to enable the reversible Mg plating/stripping in 
ester-based electrolyte [29], several novel functional layers have been 
tailored in recent years to realize compatibility between conventional 
electrolyte and Mg metal anode [30–35]. Among these works, metal 
(M)/MgX2 (M=Sn, Bi, Zn, Si, etc., X=Cl, F, Br, I, etc.) layer made by ion- 
exchange and alloying reactions of Mg metal with MX2/ether is a pro-
spective way to reduce Mg stripping/plating overpotential [36–44]. Our 
group have also proposed a simple and effective Bi@PTHF hybrid layer 
strategy to achieve high efficiency Mg anode with a low polarization 
voltage of ~ 0.25 V in Mg(TFSI)2/DME electrolyte [45]. Besides, halo-
genated organics has a similar reaction that can generate magnesium 
halide on the Mg metal. Lee et al. chemically activated the Mg metal by 
the reaction between dibromoethane and Mg to reduce the polarization 
voltage of Mg symmetric cell to less than 0.5 V and increase the lifespan 
to over 150 h (1.0 mA cm− 2) [46]. At present, the functional layer made 
by this approach are believed to be relatively stable in the electrolyte, 
which plays the role of Mg2+ ionic conductor and isolates parasitic re-
actions. However, although MgX2 is difficult to dissolve directly in ether 
solvents, it can form complex and then dissolve in the electrolyte con-
taining Mg2+. Thus, the dissolution of SEI is often overlooked, thus 
masking the true mechanism of this SEI.

Because aniline molecules can be adsorbed on the surface of Mg and 
have the potential effect of regulating the solvation structure of Mg2+, 
functional layers formed by halogenates of aniline may have better 
electrochemical performance. Compared with bromine aniline, the 
chloride aniline cannot react with Mg metal since its Cl atom is difficult 
to leave. Based on the spatial effect, in this study, p-bromoaniline (p- 
BAn) is used to react with Mg metal and constructs a sustained-release 
layer composed of aniline magnesium bromide and magnesium bro-
mide and their derivatives on the surface. As exhibited in Fig. 1b, aniline 
magnesium bromide and magnesium bromide species contained in the 
sustained-release layer are released into the electrolyte until saturation, 
which alters the solvation structure distribution in the electrolyte and 
eliminates contaminants such as trace H2O in the electrolyte. Addi-
tionally, the residual functional layer on the Mg metal can maintain the 
activity of SEI. As a consequence, the intrinsically inefficient Mg metal 
anode promotes electrochemical performance and possesses highly 

reversible Mg stripping/plating characteristics. At the current density of 
1.0 mA cm− 2, the polarization voltage of Mg symmetrical cell is reduced 
from ~ 2 V to < 0.4 V, and the cycling life is extended from 50 h to 1000 
h.

2. Result and discussion

2.1. Formation of functional layer

As bromide of aniline, p-BAn have similar adsorption on Mg surface 
and potential ability of inducing pseudo-Grignard reagent species 
[47,48]. As shown in Fig. S1, Mg metal reacts with a high concentration 
of p-BAn/DME solution to form a black functional layer on its surface. 
The speculated mechanism of the reaction between Mg and p-BAn is 
shown in Fig. S2. Eventually, the final solution is a mixture of 
PhNHMgBr, (PhNH)2Mg, MgBr2, etc [46] and the functional layer is 
formed from the precipitation of product above. In order to verify the 
product of the reaction between Mg and p-BAn/DME solution, 1H nu-
clear magnetic resonance (NMR) spectra of the solution before and after 
the reaction were measured (Fig. 2a). The a and b peaks represent the 
meso-site and ortho-site H atoms of the benzene ring, while c represents 
the H atoms of –NH2. After the reaction, a and c shift to the lower field 
while b moves to the higher field, which is consistent with the transition 
trend of p-bromoaniline to aniline (Fig. S3).

After the activation of Mg, the morphology of functional layer can be 
seen in Fig. 2b and S4. The functional layer on the Mg metal is even and 
intact, and the thickness of functional layer is about 10 μm. Energy 
dispersive spectrometer (EDS) (Table S1 and Fig. S5) indicates that the 
main element of the functional layer are C, O, Mg and Br, which are 
distributed uniformly and the ratio of Mg to Br is nearly 1:2. To identify 
the component of functional layer, X-ray diffraction (XRD) is carried out 
to characterize the surface of the modified Mg. As shown in Fig. 2c, the 
peaks of MgBr2 and its hydrates (produced during the transfer of sam-
ples) can be found, which proves the existence of MgBr2 in the functional 
layer. In addition, there are some unrecognized peaks with high in-
tensity, which are assumed to be complexes of MgBr2 and DME mole-
cules according to the high content of C and O in functional layer in EDS 
analysis. To explore the organic components contained in the functional 
layer, attenuated total reflectance infrared absorption spectrometry 
(ATR-IR) is performed on the modified Mg electrode (Fig. 2d) and the IR 

Fig. 1. Illustration of (a) the Mg stripping/plating behaviors of bare Mg in Mg(TFSI)2/DME electrolyte and (b) magnesium bromide/aniline magnesium bromide 
sustained-release layer promote Mg stripping/plating.
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spectrum of p-BAn is measured as a reference. After the reaction be-
tween p-BAn and Mg metal, the peaks of the benzene ring C-C bond 
represented at 1615, 1488 cm− 1 did not have obvious shift, indicating 
the retainment of benzene ring. The disappearance of the peak that 
represents C-Br bond stretching vibration at 604 cm− 1 manifests it was 
replaced by C-H. The peak of C-H bond of 1,4 substituted benzene ring 
flexural vibration at 819 cm− 1 was shift to the double peaks at 757 and 
696 cm− 1, which represented the C-H bond of single substituted benzene 
ring. The double peaks represented N-H stretching vibration at 3384, 
3485 cm− 1 shifted to a single peak at 3215 cm− 1, proving that the an-
iline is converted from primary amine to secondary amine. In addition, 
the intensity of the peak C-O bond at 1050 cm− 1 is enhanced, which is 
consistent with previous speculation about the coordination of DME 
molecules and MgBr2. Based on the IR spectra analysis above, the 
functional layer contains the aniline magnesium bromide or its poly-
mers, which might be intrinsically redox active. Additionally, the X-ray 
photoelectron spectroscopy (XPS) spectra of the modified Mg electrode 
are measured and shown in Fig. S6. Among these high-resolution XPS 
spectra (Fig. S7), the peaks in 397.2 eV (Fig. 2e) is attributed to N from 
C-N-Mg [49], which confirms the existence of aniline magnesium bro-
mide. In summary, the main components of the functional layer are the 
aniline magnesium bromide (PhNHMgBr) or its derivatives, magnesium 
bromide (MgBr2) and its complex with DME molecules.

2.2. Electrochemical characterization of modified Mg

The bare Mg and modified Mg electrodes are assembled into sym-
metric cells with 0.5 M Mg(TFSI)2/DME electrolyte to compare their 
electrochemical performance. As shown in Fig. 3a, at the current density 
of 1.0 mA cm− 2, the polarization voltage of the symmetric cells with 
bare Mg is about 2–3 V, and the lifespan is only about 50 h, which are 
caused by serious passivation and uneven deposition on the surface of 
Mg metal. After the Mg electrodes are modified by p-BAn, the polari-
zation voltage of the cell maintains at 0.2–0.4 V above 1000 h without 
short circuit. Even at the higher current density of 5 mA cm− 2 (Fig. 3b), 
the symmetric cell with the modified Mg still maintains a low polari-
zation voltage of about 0.6 V.

In Cu-Mg asymmetrical cells with different Mg electrodes, as shown 
in Fig. 3c-e, the polarization voltage of magnesium symmetric cells 
without any modification is still 2–3 V, and the average Coulombic ef-
ficiency is less than 5 %. The polarization voltage of the Mg-Cu cells can 
be reduced to < 0.2 V and the average Coulombic efficiency can be 
increased to about 94 %. Theoretically, the modification on the Mg 
would not increase the Coulombic efficiency of the Cu electrode. The 
increase in the Coulombic efficiency of the Mg-Cu cells implies that some 
components in the functional layer are released in the electrolyte and 
optimize Mg stripping/plating process on Cu electrode.

To verify the dissolution of functional layer and its effect on the Mg 
stripping/plating, the modified Mg are fully immersed in the equivalent 
0.5 M Mg(TFSI)2/DME electrolyte to obtain the modified electrolyte. As 
shown in Fig. S8a, the polarization voltage of the symmetric cell is also 
significantly reduced, demonstrating that the materials released into the 
electrolyte can enhance the stripping/plating process. The performance 
of Cu-Mg asymmetrical cells is also shown in Fig. 3f-g. During the first 
few cycles, high interfacial activity brought by the functional layer 
creates better electrochemical performance of the modified Mg than 
electrolyte modification. With the activation of electrode/electrolyte 
interphase, the polarization voltage and Coulombic efficiency of the 
modified electrolyte and modified Mg reach similarity eventually 
(Fig. 3g-h). The hysteresis in the improvement of Mg stripping/plating 
process by the modified electrolyte indicates the superiority of the 
modified Mg. The modified Mg electrodes soaked in electrolyte are 
rinsed with DME and assembled into Mg symmetrical cells as well. 
Although the polarization voltage of the symmetric cell is reduced to ~ 
0.5 V, the cycling life of the cell is reduced to ~ 10 h (Fig. S8b), indi-
cating that the functional layer on the Mg metal is still residual and 
continues to affect its electrochemical performance. In short, the elec-
trochemical performance of the modified electrolyte and soaked Mg 
suggests that functional layer dissolved into the Mg(TFSI)2/DME elec-
trolyte partially, which would affect the electrochemical property of the 
electrolyte dramatically.

As shown in Fig. S9a and b, when the concentration of MgBr2 in the 
0.5 M Mg (TFSI)2/DME electrolyte reaches 0.5 M, it becomes supersat-
urated and forms colloids, which cannot dissolve any more MgBr2. When 

Fig. 2. (a) 1H NMR spectra of p-BAn/DME solution before and after the addition of Mg. (b) Surface SEM images of modified Mg. (c) The XRD pattern of the modified 
Mg. (d) IR spectra of p-BAn and modified Mg. (e) High-resolution XPS N1s spectra of the modified Mg electrodes.
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the concentration of MgBr2 is increased to 0.6 M, Mg salt precipitates. In 
Fig. S9c, when 0.01 M MgBr2 is added to pure DME solvent, it will 
precipitate rather than dissolve, which explains why MgBr2 is not 
released during the preparation of artificial SEI. When the p-BAn 
modified Mg symmetric cell is assembled with pure DME solvent as the 
electrolyte, it could only charge/discharge at a low current density 
(~0.01 mA cm− 2), indicating a low Mg2+ concentration in DME solvent 
(Fig. S10).

Based on the experimental phenomena above, we chose 0.5 M Mg 
(TFSI)2 + 0.5 M MgBr2/DME as the reference electrolyte more evidently. 
As shown in Fig. S11a, the polarization voltage of the Mg symmetric 
cells is reduced to 0.4–0.5 V (except for the first cycle), but the lifespan is 
still only about 10 h. For the Mg-Cu asymmetrical cells with MgBr2 
containing electrolyte (Fig. S11b), the polarization voltage is reduced to 
about 0.5 V and the average Coulombic efficiency is increased to 40 %, 
but the cycling life is only about 40 h. The short lifespan of Mg sym-
metric and Mg-Cu asymmetrical cells indicates that the plating in these 
electrolytes are severely uneven. It also can be inferred from the po-
larization voltage decrease brought by MgBr2 addition that the disso-
lution of MgBr2 from the functional layer may be one of the reasons for 
the improved electrochemical performance of the modified Mg. We also 
tried adding 2 M p-BAn directly to the electrolyte, as shown in Fig. S12a. 

Although relevant literature reports that aniline adsorbed on the surface 
of Mg metal to reduce the overpotential of Mg, the addition of p-BAn in 
the electrolyte does not result in a similar improvement. The polariza-
tion voltage of the Mg symmetric cell is higher than that of the modified 
Mg obviously. The reaction between p-BAn and Mg might destroy the 
anti-passivation effect of the aniline molecules, and the further reaction 
of p-BAn with Mg is blocked by the contaminants in electrolyte 
(Fig. S12b). Eventually, neither the adsorption of p-BAn can be realized, 
nor the functional layer can be constructed.

2.3. Dissolution of functional layer

To further investigate the dissolution of functional layer and its in-
fluence on electrolyte, firstly, the soaked Mg is characterized with SEM 
and XRD. The SEM image exhibited in Fig. 4a indicating that the 
modified Mg still has a thin functional layer on the surface after soaking 
in the electrolyte. There is still an amount of Br on the surface of mag-
nesium metal, which is less than that before soaking (Table S2 and 
Fig. S13). Nevertheless, no obvious MgBr2 or its complex peaks can be 
found in XRD pattern of soaked Mg (Fig. 4b), implying the mass disso-
lution of MgBr2. The corresponding dissolved substance can also be 
proved from the electrolyte side. The LSV curve of different electrolytes 

Fig. 3. (a) The galvanostatic voltage profiles of the bare Mg and the modified Mg symmetric cells with 0.5 M Mg(TFSI)2/DME electrolyte. (b) The voltage profiles of 
the modified Mg symmetric cells with various current density. (c) The galvanostatic voltage profiles of Cu-Mg asymmetrical cells with the bare Mg electrodes and the 
modified Mg. The cyclic voltammetry curves of Mg//Cu cells with the (d) bare Mg electrodes and (e) modified Mg. (f) The galvanostatic voltage profiles of Mg//Cu 
cells with modified Mg and modified electrolyte. (g) The cyclic voltammetry curves of Mg//Cu cells with the modified electrolyte. (h) The Coulombic efficiency of 
Cu-Mg asymmetrical cells with different electrolyte or Mg.
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(Fig. S14) shows that the dissolution of functional layer reduces the 
anodic stability of the electrolyte, which is similar with adding MgBr2 to 
the electrolyte. The 1H NMR spectra of the blank electrolyte and 
modified electrolyte verified the dissolution of aniline magnesium bro-
mide or its complexes in the electrolyte (Fig. S15).

The NMR peak of DME also has an interesting shift. As shown in 
Fig. 4c, the addition of Mg2+ to DME makes peaks of DME shift to lower 
field, and the DME molecules encaging the Mg2+ would form another 
two new peaks between 4.5–4.0 ppm [50,51]. After the addition of 
MgBr2, although the free DME peaks would not shift apparently, the 
encaging DME peaks almost disappears, implying the drastic changes in 
DME coordination. The same situation also occurs in the modified 
electrolyte, indicating that the dissolution of the functional layer has a 
great influence on the solvation structure in the electrolyte.

According to the previous EDS elemental analysis, the content of Br 
element in the sustained-release layer is much higher than that of N 
element, so the content of MgBr2 should also be much higher than that of 
magnesium aniline bromide. Therefore, regarding the influence of the 
sustained-release layer on the solvation structure of electrolyte, we 
mainly discuss the effect of MgBr2 dissolution on it. The molecular dy-
namic (MD) simulation is performed on 0.5 M Mg(TFSI)2/DME and 0.5 
M Mg(TFSI)2 + 0.5 M MgBr2/DME electrolytes and displayed in 
Fig. S16. The introduction of MgBr2 in the electrolyte reduces the co-
ordination number of DME and TFSI− . The more in-depth analysis of the 
simulated trajectory is carried out to acquire detailed information on 
distribution of the Mg2+ solvation structure. As shown in the Fig. 4d, in 
the blank electrolyte, most of Mg2+ are coordinated with three DME 
molecules. After the addition of MgBr2, the proportion of Mg2+ with 
fully DME encaged decreases and is replaced by Br− or TFSI− coordi-
nated species. With the dramatic transformation of Mg2+ solvation 
structure distribution, inevitable change would occur in the activation 
energy during the Mg2+ desolvation process. Therefore, the ligand ex-
change rates of electrolytes are calculated with the MD simulation to 
demonstrate a faster desolvation process in Br− containing electrolyte 
(Fig. 4e) [52]. In the Mg(TFSI)2/DME electrolyte, the exchange rate of 

DME molecules with Mg2+ ions is 1.14 ns− 1, while that of Mg(TFSI)2 +

MgBr2/DME is enhanced to 6.0 ns− 1, which indicates that coordination 
of Br− lead to the tremendous decline on the activation energy of Mg2+

and account for the low plating overpotential of the modified Mg or 
modified electrolyte.

In brief, the functional layer of this work is a sustained-release layer 
of magnesium bromide/aniline magnesium bromide, which can be 
released and optimize Mg2+ solvation structure after the addition of 
electrolyte. Compared to electrolyte modifications, the residual 
sustained-release layer maintains the freshness of SEI and reduces 
impedance of the SEI (Fig. S17), as well as the continuously released 
MgBr2 and other components is more beneficial to compensate their 
consumption in the following cycles [47,53], resulting in a better elec-
trochemical performance of the modified Mg electrodes.

2.4. Interphases on cycled Mg

The interphases of cycled Mg electrodes are characterized to evaluate 
the passivation and Mg plating uniformity. With the bare Mg and blank 
electrolyte, the plated Mg appears as a large spherical shape with cracks 
(Fig. 5a and Fig. S18a), and the interphases of the Mg contains 
considerable C, O, F and S element (Table S3), which are generated from 
the decomposition of electrolyte. In comparison, after replacing the bare 
Mg with the modified Mg, the morphology of the plated Mg becomes 
smoother and firmer (Fig. 5b and Fig. S18b). Similar superiority in 
plated Mg morphology can also be detected from the SEM images of the 
bare Mg electrodes after cycled with modified electrolyte and MgBr2 
added electrolyte (Fig. 5c-d and Fig. S18c-d). However, it is difficult to 
distinguish the morphology of plated Mg in different modification 
strategies and explain the shorter lifespan of cells of the modified elec-
trolyte and MgBr2 additive. Therefore, the decomposed component 
produced by electrolyte decomposition in different conditions are 
characterized by EDS and XPS. The Table S3 and Fig. S19-22 shown the 
C, N, O, F and S element, which are related with anion and solvent 
decomposition, on bare Mg electrodes cycled in blank, modified 

Fig. 4. (a) The SEM image of the soaked Mg. (b) The XRD pattern of the soaked Mg electrode. (c) The 1H NMR spectra of different electrolytes. (d) Distribution of 
DME and TFSI− coordinated Mg ions in MD trajectories. (e) The DME ligand exchange rates of 0.5 M Mg(TFSI)2/DME and 0.5 M Mg(TFSI)2 + 0.5 M MgBr2/DME 
electrolytes at 400 K obtained in the MD simulated trajectories.
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electrolyte, MgBr2 added electrolyte are much higher than those on 
modified Mg. The XPS can show the relative content of various 
decomposition products more directly, as shown in Fig. 5e-h and 
Fig. S23-27. The order of the Mg/Mg2+ ratio on cycled Mg is modified 
electrolyte > modified Mg > MgBr2 additive > blank, verifying the 
higher Coulombic efficiency of modified Mg and modified electrolyte. 
The lower Mg/Mg2+ ratio of modified Mg than the modified electrolyte 
can be explained by the remaining functional layer. The higher 
Coulombic efficiency of the modified Mg and modified electrolyte can be 
attributed to the aniline magnesium bromide and its polymers that can 
eliminates contaminants such as trace water in electrolyte and adsorbed 
on Mg to hinder the passivation of the anode/electrolyte interphase, 
which has more obvious advantages than the simple MgBr2 additive.

2.5. Full battery demonstration

The Mg anode with this sustained-release layer are matched with 
CMK-3/S and Mo6S8 cathodes respectively and compared with the bat-
tery of bare Mg anode to verify the compatibility between the modified 
Mg anode and cathode. As shown in Fig. 6a, the modified Mg dramati-
cally reduces the overpotential and eliminates the voltage hysteresis of 
the Mg||CMK-3/S battery during discharge/charge process. For the Mg|| 
Mo6S8 battery, when the bare Mg is adopted as anode, battery has almost 
no capacity (Fig. 6b). By contrast, when the modified Mg is matched 
with Mo6S8, overpotential during discharge/charge is reduced to ~ 0.25 
V (Fig. 6c). The Mg||Mo6S8 battery with the modified Mg anode shows 
an initial specific capacity of 134.1 mAh/g and remains 68.6 mAh/g 
after 300 cycles at the current density of 25 mA g− 1 (Fig. 6d). Even at the 
higher current density of 100 mA g− 1, as shown in Fig. S28, Mg||Mo6S8 
battery with the modified Mg anode reaches a high specific capacity of 
66.2 mAh/g and a low overpotential below 0.35 V after 300 cycles. The 
performance of Mg||Mo6S8 battery with the modified electrolyte and 
0.5 M Mg(TFSI)2 + 0.5 M MgBr2/DME are exhibited in Fig. S29-30. Both 
of their capacity and overpotential are between batteries with bare Mg 
and modified Mg, as well as the lifespan are shorter than batteries with 
modified Mg.

3. Conclusion

In summary, a functional layer with sustained-release effect is con-
structed on the Mg metal by ex-situ reaction between p-BAn and Mg. By 
XRD, ATR-IR and XPS characterization, it is proved that the functional 
layer contains a large amount of MgBr2, aniline magnesium bromide and 
their complexes. However, it has been demonstrated that MgBr2 and 
aniline magnesium bromide on the Mg surface are partially dissolved in 
the electrolyte and improve electrochemical performance of Mg anode. 
The experiment and theoretical calculation certified that the dissolved 
MgBr2 has a great influence on the Mg2+ solvation structure distribution 
and accelerates the desolvation process dramatically. By comparison 
with various modification methods in terms of improving Coulombic 
efficiency and inhibition of side reactions, the Mg metal modification is 
still the best method compared with the modified electrolyte, which are 
attributed to the residual Br− after dissolution by electrolyte and the 
aniline magnesium bromide that can eliminates contaminants and 
adsorbed on Mg, maintaining the freshness of SEI from beginning to end. 
Therefore, Mg electrodes with this functional layer maintains a low 
polarization voltage of 0.2–0.4 V at a high current density of 1.0 mA 
cm− 2 above 1000 h without short circuit. The Mg||Mo6S8 full battery 
presents a low overpotential of ~ 0.25 V during discharge/charge and 
remains 68.6 mAh/g after 300 cycles at the current density of 25 mA 
g− 1. This work provides a new inspiration for developing high efficiency 
Mg metal anode and studying the mechanism of functional layer on Mg 
metal.
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