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Abstract: Anode-free lithium batteries are regarded as an ultimate 

form of high-energy-density lithium-ion batteries. Unfortunately, 

irreversible lithium loss during cycling plays a major role in degrading 

the overall cell performance in the anode-free configuration. To 

alleviate the deterioration, building a robust solid-electrolyte interface 

on an anode current collector is an indispensable requirement. Here, 

we present a facile in-situ electrochemical method of a potential hold 

during the first charge to guide more salt-derived (less solvent-

derived) decomposition on the anode interface. We show the 

distinctive decomposition potential of lithium salts and 

ether/carbonate solvents, where the Li-solvation structures with salt 

contact-ion-pairs preferentially decompose to form LiF-rich and less 

organic components, leading to enhanced lithium Coulombic 

efficiency in Li||Cu cells as well as mitigating the capacity fade of 

Cu||LiFePO4 and Cu||LiNi0.8Mn0.1Co0.1O2 cells. 

During the past decade, lithium-ion batteries (LIB) have been 

incorporated into our lives to power portable devices and even 

electric transportation.[1–3] As a natural consequence, more 

energy-dense LIBs are in demand to quench the thirst for long-

lasting devices and long-range electric vehicles. [4–7] Towards this 

goal, the replacement of graphite anode by lithium-metal anode 

and ultimately by anode-free configurations, is receiving 

tremendous attention as an indispensable modification in future 

battery technology.[8–11] However, commercialization of anode-

free batteries has been facing critical technical challenges: 

irregular growth of lithium that triggers short circuits by penetrating 

through the separator and continuous loss of lithium over 

plating/stripping that quickly degrades the overall cell 

performance.[12–14] Above all, the low Coulombic efficiency (CE) of 

lithium-metal anodes is the main reason that hinders the 

introduction of lithium metal batteries (LMB) to the LIB market.  

 To overcome the hurdle, impressive advances have been 

reported to enhance the reversibility of lithium metal through 

various approaches: depositing a thin but brittle layer to 

mechanically withhold the dendritic growth of lithium,[15] 

constructing an artificial framework on the current collector to 

guide the lithium deposition in the desired direction,[12,16] 

coating/impregnating functional materials on the separator to 

suppress the heteromorphic growth of lithium metal,[17,18] including 

additives, such as Cs+ to disperse the Li+ flux on the current 

collector more homogeneously,[19,20] applying high concentration 

electrolyte (solvent-in-salt) to establish rigid inorganic-rich solid 

electrolyte interfaces (SEI),[21–23] and introducing a fluorinated 

electrolyte to the high concentration electrolyte to foster the salt 

contact-ion-pair (CIP) with enriched LiF formation as the SEI 

component.[24,25] Especially, the concept of localized high 

concentration electrolyte (LHCE) opened a new avenue to boost 

up the lithium reversibility above 99%.[26–28] These strategies are 

efficacious to understand the mechanical behavior of deposited 

lithium, to realize the chemical role of Li solvation sheath upon 

reduction, and to discover critical inorganic SEI components, such 

as LiF and Li3N, which are reported to effectively mitigate the 

dendritic growth of lithium.[29–31] 

Nevertheless, the average CE of lithium metal is hard to 

exceed 99.5% even with highly dense LiF coatings or with heavily 

fluorinated solvents and salts, which reflects the necessity of 

alternative approaches to further raise the CE.[32] Herein, we show 

a facile potential hold method to regulate the SEI composition to 

be more inorganic that results in an enhanced lithium-metal 

cycling capability, where 99.65% of average CE is achieved with 

LHCE. This strategy simply adopts an intermission stage at the 

potential where the solvents (either carbonates or ethers) do not 

decompose but the dissolved salts do, which results in 

intensifying the salt-derived SEI while reducing the evolution of 

organic species. Linear sweep voltammetry (LSV) and the lowest 

unoccupied molecular orbital (LUMO) calculations by 

implementing density functional theory (DFT) demonstrate the 

rationale of this method. The resulting SEI components are 

verified by X-ray photoelectron spectroscopy (XPS) and the 

morphological difference of lithium deposition corroborates the 

enhanced CE of lithium metal after the hold. We validate the 

general efficacy of this process using carbonates, ethers, and 

LHCE, where all electrolytes exhibit increased average CEs. As a 

result, cycle life and the discharge capacity of Cu||LiFePO4 and 

Cu||LiNi0.8Mn0.1Co0.1O2 cells are extended after the hold. Lastly, 

we suggest that guiding the salt-derived SEI formation is possible 

via a facile electrochemical method and that the universality of 

this method would pave the way to develop long-lasting anode-

free lithium batteries. 

To detect the decomposition potential of carbonates/ethers 

and various salts, we first performed a cathodic LSV to 0.01 V (vs. 

Li+/Li hereafter) at a slow-scanning rate of 0.05 mV/s (Figure 1a). 

Ethyl methyl carbonate (EMC) with LiPF6 salt exhibits two peaks 

at 1.2 and 0.3 V, which are indexed as the LiPF6 and EMC 

decomposition peaks, respectively, as reported before.[33,34] For 

the ether system, we set 1,2-dimethoxyethane (DME) as a 

representative solvent with various salts including lithium 

difluoro(oxalato)borate (LiDFOB), lithium bis(fluorosulfonyl)imide 

(LiFSI), and Lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) to 

separate the DME and salt decomposition potentials. Comparable 

to EMC, DME decomposes at 0.82 V in all three cases while 

LiDFOB displays a cathodic peak at 1.86 V. For LiTFSI and LiFSI, 

these salts feature the cathodic peaks at 1.33 and 1.12 V owing 

to a similar structure of imide with two sulfonyl groups.[35] It is 

suggested that the 1.33 V peak accounts for the initial dissociation 
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of C-F or S-F bonds, followed by the formation of LiF, and the 1.12 

V peak is the signal of further decomposition of the defluorinated 

FSI/TFSI anions.[36–38] Based on the LSV profiles, it is unequivocal 

that salts decompose preferentially before those of the solvents.  

However, considering the Li+ solvation structure, it is not a 

thorough analysis to conclude that the salt or solvent decomposes 

as an individual molecule. Thus, we conducted DFT calculations 

to identify the LUMO levels of the solvents and salts tested in this 

study as well as simplified solvation models of DME-Li-FSI and 

DME-Li-DME to propose more reasonable decomposition 

reactants (Figure 1b). Evidently, LiDFOB shows a LUMO level of 

-2.132 eV that corroborates the high reduction potential at 1.83 V. 

Similarly, LiPF6 displays a LUMO level of -0.526 eV, lower than 

that of EMC at -0.191 eV, which implies the preferred salt 

decomposition upon reduction. The same trend is observed in 

LiFSI (-0.890 eV) and DME (-0.123 eV), however; we further 

considered the LUMO level of DME-Li-FSI (-0.725 eV) and DME-

Li-DME (-0.361 eV) solvation models as the salt will not exist 

alone in the electrolyte. The LUMO levels of the solvated models 

indicate that the participation of LiFSI in the solvation structure—

more justifiable species that decompose on the Cu surface—

accounts for the reduction above 1.0 V. It is important to note that 

guiding the salt derived SEI formation via this holding approach is 

possible to some extent. However; it is challenging to clearly 

separate the decomposition of salts and solvents owing to its 

solvation structures, especially in the conventional non-

concentrated electrolyte regime (1 mol L-1), where solvent 

molecules dominate the solvation structures over the salt 

anions.[39] 

 

Figure 1. (a) LSV profiles of carbonate and ether with various salts in 1.0 M 

concentration. The scan rate is 0.05 mV/s, and blue arrows indicate the cathodic 

peaks where salts decompose. (b) Calculated LUMO/HOMO levels of various 

solvents, salts, and simplified solvation models including DME and LiFSI.  

To validate the hypothesis, we further carried out XPS to 

observe the decomposed product on the Cu foil after holding at 

0.1 and 1.3 V for 18 h, where 0.1 V provides enough driving force 

for the decomposition of both solvents (DME) and salts (LiFSI) 

while holding at 1.3 V reduces the chance of solvent reduction 

(1.2 V for LiPF6-based carbonates). Figure 2(a) exhibits the F1s 

and C1s profiles to represent the salt-derived inorganic 

components and solvent-derived organic species, respectively. 

The profiles at each distinctive potential hold illustrate comparable 

composition, however; the intensity of them contrasts in a way 

that more inorganic species are found at the 1.3 V hold. To be 

specific, the intensity of a LiF peak at 684.1 eV as well as the 

imide-based signals at 687.4 eV also increase when the 1.3 V 

hold was applied,[40] which demonstrates that the salt is more 

decomposed at a higher potential. Interestingly, the opposite 

trend is found in the C1s profiles, where the C-O/C-C peaks that 

originate from DME sharply decrease when a 1.3 V potential hold 

was applied (Figure 2(b)).[40] The reduced intensity of the organic 

peaks corroborates the anion-preferred decomposition upon 

disparate potential hold method. This tendency has been 

observed when the potential is set but the holding time varies (12, 

18, and 24 h), where 18 h is required to possess enough LiF 

(Figure S1). We further examined the SEI composition on the Li 

metal with three types of electrolytes (1 M LiPF6 in EC/EMC (v/v 

3:7), 1 M LiFSI in DME, and 1.6 M LiFSI in DME/TTE (v/v 1:4)) 

with and without the potential hold (Figure S2). It clearly 

demonstrates that the holding stage substantially brings 

flourished LiF peak with reduced organic signals. Combining the 

XPS findings with LSV and LUMO calculations, we propose the 

reactions taking place at the interface: the holding process at 1.3 

V selectively enables the CIP-containing solvation structures to 

obtain electrons owing to the lower LUMO level than that of the 

CIP-free ones. As a result, electrons at the Cu surface 

electrochemically—and partially—reduce the CIP-containing 

solvation structure, followed by forming more populated LiF and 

imide-based inorganic species in the SEI. However, when the 

potential is lowered, the chance of CIP-free structures 

participating in the reduction reaction during the hold arises, which 

leads to having enhanced organic species in the SEI. 

 

Figure 2. XPS profiles of the SEI after holding at 0.1 V (left) and 1.3 V (right) for 

(a) F1s and (b) C1s. Dashed lines and double arrows indicate the intensity 

difference between the two hold modes. (c-f) SEM images of deposited Li 

examined on Cu foil with a capacity of 1.5 mA h cm-2 at 0.5 mA cm-2 current 

density: (c, d) after 1.3 V hold and (e, f) without hold. 

Consequently, the compositional difference in SEI directly 

affects the morphology of the deposited lithium on Cu foil with a 

capacity of 1.5 mA h cm-2 at a 0.5 mA cm-2 current density. As 

shown in Figure 2(c-h), scanning electron microscopy (SEM) 

imaging exhibits the surface morphology of the plated lithium 

under various electrolytes with a hold for 18 h and without any 

treatment. When carbonate electrolyte is applied, the absence of 

any potential hold leads to the generation of needle-like Li 

dendrites across the surface (Figure 2c). In contrast, when a 

potential hold is employed, the sharp Li was not observed at all, 

but granular-like lithium particles are segregated with gaps 

between them (Figure 2(d)). Ether electrolyte exhibits smoother 

Li deposition without treatment (Figure 3e), however; the 

potential hold makes the Li more compact (Figure 3f). Lastly, 

when fluorinated ether is added, Li are forming denser with 

smaller gaps between the deposits after the hold (Figure 3g and 

3h), which corroborates that the enhanced inorganic SEI derived 
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by potential hold smoothens the lithium deposition for better 

lithium utilization. We further zoomed out the SEM images to 

represent the universality of this tendency across the samples 

(Figure S3). 

 
Figure 3. Potential profiles of Li||Cu cells to measure the average CE (left) and 

zoomed-in overpotential profiles for the first 20 h (right) using the following 

electrolytes: (a-b) 1 M LiFSI in DME (c-d) 1 M LiPF6 in EC/EMC (v/v 3:7), and 

(e-f) 1.6 M LiFSI in DME/TTE (v/v 1:4). A fixed capacity (1 mA h cm-2) of lithium 

is cycled 10 times on 5 mA h cm-2 of the initially deposited lithium, followed by 

stripping all the remaining lithium on the Cu. 

 

The smooth lithium plating led us to measure the average 

CE of lithium-metal anode using a protocol proposed by Zhang et 

al., where a fixed amount of lithium (1 mA h cm-2) is plated and 

stripped for 10 times on 5 mA h cm-2 of lithium, followed by 

stripping all the remaining lithium on  Cu foil.[41] This method 

includes a stabilization step before the CE test, which also 

eliminates the possible conversion reaction on the Cu surface. We 

tested both ether and carbonate type electrolytes to verify the 

universality of this method. Interestingly, all the electrolytes we 

tested—regardless of solvent type—exhibited enhanced 

reversibility of lithium metal. As shown in Figure 3(a), 1 M LiFSI 

in DME displays 98.27% of average CE, which is analogous to 

previous reports[42] with a 21.7 mV polarization during the plating 

and stripping (Figure 3(b)). On the contrary, the Li cycling after 

the potential hold demonstrates 99.14% of average CE with a 

37.4% reduced potential gap of 13.6 mV. This indicates the 

benefitted lithium deposition and removal based on the inorganic 

SEI components. Note that achieving 99.14% of average CE in a 

1 M salt concentration without the aid of highly fluorinated ethers 

is surprising, which suggests the potential hold can act somewhat 

similar to the high concentration electrolyte owing to its preferred 

salt anion decomposition for SEI. However, this increased 

number is only achievable with two optimized parameters: the first 

criterion being holding time. The charge applied to the Cu foil as 

a function of time is monitored, and it increases linearly from 2 to 

24 h (Figure S3). This implies that electrolyte continuously gets 

reduced during the holding stage, where the optimal time is 

concluded to be 18 h. The second touchstone is potential. It needs 

to be high enough to avoid the DME decomposition while fostering 

that of the FSI- species. We further tested the average CE by 

holding the Li||Cu cells at diverse potentials—0.1, 0.5, and 1.0 V—

and the average CEs were lowered to 98.62% to 98.82% (Figure 

S4). This is presumably due to the fostered DME decomposition 

combined with FSI- at the lowered potentials as expected by the 

LSV and DFT calculations.  

The CE enhancement is more drastic in carbonate 

electrolytes as those are known to be more reactive towards 

lithium metal than ethers.[43] Figure 3(c) exhibits the potential 

profile with 1 M LiPF6 in EC/EMC electrolyte, where 4.94% of 

average CE is extended after the hold. In a similar fashion, the 

polarization of plating/stripping after the potential hold shows 91.9 

mV while the regular system without any hold presents 112.3 mV 

(Figure 3(d)). This demonstrates the wide applicability of the 

potential hold method to both ethers and carbonates.  

Inspired by the above results, we tested another average 

CE measurement using a high concentration electrolyte (HCE) of 

4 M LiFSI in DME and LHCE of 1.6 M LiFSI in DME and TTE. 

Those systems are known to allow highly reversible lithium-metal 

cycling, especially the LHCE is stated to afford the highest 

average CE of 99.5% reported elsewhere.[39,44] The HCE 

produces 99.19% without the treatment whilst that after the hold 

displays 99.44%, which is even pushed further to maximize the 

usage of lithium metal (Figure S5). After adding a highly 

fluorinated ether (TTE) to HCE, the unique solvation structure of 

LHCE is known to foster the decomposition of salt anion on the 

anode side to derive more inorganic SEI, however; we anticipated 

the potential hold method would even push the average CE above 

the 99.5%. As a result, LHCE with a potential hold exhibits the 

average CE of 99.65% as shown in Figure 3(e), proving to be 

effective in LHCE. The polarization decreases from 76.2 to 60.7 

mV after the hold as evidenced by the previous carbonate/ether 

examples.  

 
Figure 4. Electrochemical performance of anode-free cells without or with 

potential hold under various electrolytes. GCD profiles of Cu||LiNi0.8Mn0.1Co0.1O2 

with carbonate electrolytes (1 M LiPF6 in EC/EMC (v/v 3:7)) (a) without potential 

hold, (b) potential hold at 2.6 V for 18 h, and (c) cycling performance comparison 

between the two modes. GCD profiles of Cu||LiFePO4 with ether electrolytes (1 

M LiFSI in DME) (d) without potential hold, (e) potential hold at 2.3 V for 18 hrs, 

and (f) cycling performance comparison between the two modes. (g) Cycling 

performance comparison of Cu||LiFePO4 with LHCE (1.6 M LiFSI in DME/TTE 

(v/v 1:4)) without (black) and after hold at 2.3 V for 18 h (red). 
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 To test the applicability of the hold method to a full cell 

configuration, we paired Cu foil with LiNi0.8Mn0.1Co0.1O2 and 

LiFePO4 cathodes using the above electrolytes. The holding 

potentials of the full cells were determined by subtracting 1.2 or 

1.3 V from the point where the Li nucleation occurs on the Cu foil 

upon the first charge. Note that we held the cells at 1.2 or 1.3 V 

above where the Li begins to plate (0 V) on the Cu foil in Li||Cu 

system. First, we compared the cycling performances at a diverse 

amount of holding time (Figure S6) as we demonstrated in the 

Li||Cu tests. As indicated, 18 h is required for enhanced cycling, 

while more than that does not further improve the discharge 

capacity.  

We then employed the carbonate electrolytes to 

LiNi0.8Mn0.1Co0.1O2 with and without a potential hold at 2.6 V for 

18 h. Figure 4a and 4b illustrate the galvanostatic charge and 

discharge (GCD) profiles of those two at the 1st, 5th, and 10th 

cycles. During the holding stage, an extra charge capacity of 

0.067 mA h cm-2, which is comparable to the flow of charge in 

Li||Cu configuration (Figure S3), is presumably relevant to the 

electrolyte decomposition. Recalling the previous Li||Cu results, 

the potential hold brings lowered overpotential as well as more 

reversible Li cycling. As a result, more efficient Li cycling with 

more inorganic SEI exhibits lowered charging potential starting at 

3.76 V for the cell after hold compared to 3.84 V with no hold. 

Besides, due to the no excess Li on the anode side, enhanced Li 

reversibility directly impacts the cycling capability of cells as 

shown in Figure 4c. After 20 cycles, the cell after the hold 

demonstrates 0.906 mA h cm-2 of discharge capacity whereas a 

regular cell with no hold shows only 56.7% of its capacity (0.514 

mA h cm-2).  

We further tested ether electrolytes by coupling with 

LiFePO4 and holding it at 2.3 V for 18 h, and the capacity during 

the hold is 0.052 mA h cm-2. After the hold, the three advantages 

were observed (Figure 4d and 4e): lowered overpotential, high 

initial discharge capacity, and extended cycling capability. To be 

specific, the cell with hold displays 110 mV of polarization 

between charge and discharge plateau with a 1.0 mA h cm-2 of 

initial discharge capacity. In sharp contrast, the counter cell 

exhibits 230 mV polarization during the charge and discharge, 

which is over twice of the overpotential with 13.1% lowered initial 

discharge capacity of 0.87 mA h cm-2. In the extended cycling, the 

cell after hold features 0.68 mA h cm-2 at 20th cycles while that of 

the counter cell exhibits 0.51 mA h cm-2 (Figure 4f). Lastly, we 

tested the cell with LHCE paired with LiFePO4. The LHCE in 

general performs comparable GCD profiles with 25 mV reduced 

polarization after the treatment (Figure S7). Moreover, the 

capacity retention without a hold reaches 0.76 mA h at the 100th 

cycle, however; the hold brings enhanced cycling capability (0.83 

mA h) at the extended cycle, owing to the accumulation of minute 

average CE differences after the extended cycles (Figure 4g). 

In summary, we presented a facile electrochemical method 

to foster the salt anion decomposition by holding the cell at a 

certain potential for the anode-free configuration. The potential is 

decided by LSV, where salt anion containing solvation begins to 

get reduced while avoiding the solvent governed decomposition. 

DFT calculations suggest that CIP is indispensable for the 

preferred decomposition with a lowered LUMO level, while pure 

solvent or solvent-dominant solvation models are likely to 

decompose at the lowered potential. Regardless of electrolyte 

types, we show that the potential hold enhances Li reversibility 

with higher CE, forms smoother/compact surface morphology, 

and generates less organic SEI species. Lastly, the anode-free 

cells with various cathodes exhibit increased discharge capacity 

and cycle life after the hold. The results here represent a new but 

facile way to boost the electrochemical performance of anode-

free lithium batteries.  

Acknowledgements  

This work was supported by the Assistant Secretary for 

Energy Efficiency and Renewable Energy, Office of Vehicle 

Technologies of the U.S. Department of Energy through the 

Advanced Battery Materials Research (BMR) Program 

(Battery500 Consortium) award number DE-EE0007762. The 

authors would like to thank Dr. Hugo Celio for assisting with the 

XPS experiments, and the Texas Advanced Computing Center 

(TACC) for providing high-performance computing facility access 

at the University of Texas at Austin. 

Keywords: Lithium-metal Batteries • Anode-free Cells • Lithium-

metal Stabilization • Inorganic Solid-electrolyte Interphase  

[1] M. Armand, J.-M. Tarascon, Nature 2008, 451, 652–657. 
[2] A. Manthiram, ACS Cent. Sci. 2017, 3, 1063–1069. 
[3] J. B. Goodenough, K.-S. Park, J. Am. Chem. Soc. 2013, 135, 1167–
1176. 
[4] A. Manthiram, MRS Bulletin 2016, 41, 624–631. 
[5] N. Nitta, F. Wu, J. T. Lee, G. Yushin, Materials Today 2015, 18, 252–
264. 
[6] J. W. Choi, D. Aurbach, Nat Rev Mater 2016, 1, 16013. 
[7] A. Manthiram, Nat Commun 2020, 11, 1550. 
[8] S. Nanda, A. Bhargav, A. Manthiram, Joule 2020, 4, 1121–1135. 
[9] Z. Xie, Z. Wu, X. An, X. Yue, J. Wang, A. Abudula, G. Guan, Energy 
Storage Materials 2020, 32, 386–401. 
[10] C. Martin, M. Genovese, A. J. Louli, R. Weber, J. R. Dahn, Joule 2020, 
4, 1296–1310. 
[11] J. Qian, B. D. Adams, J. Zheng, W. Xu, W. A. Henderson, J. Wang, M. 
E. Bowden, S. Xu, J. Hu, J.-G. Zhang, Advanced Functional Materials 2016, 
26, 7094–7102. 
[12] G. Zheng, S. W. Lee, Z. Liang, H.-W. Lee, K. Yan, H. Yao, H. Wang, W. 
Li, S. Chu, Y. Cui, Nature Nanotech 2014, 9, 618–623. 
[13] D. Lin, Y. Liu, Y. Cui, Nature Nanotech 2017, 12, 194–206. 
[14] D. Lin, Y. Liu, Z. Liang, H.-W. Lee, J. Sun, H. Wang, K. Yan, J. Xie, Y. 
Cui, Nature Nanotech 2016, 11, 626–632. 
[15] A. C. Kozen, C.-F. Lin, A. J. Pearse, M. A. Schroeder, X. Han, L. Hu, 
S.-B. Lee, G. W. Rubloff, M. Noked, ACS Nano 2015, 9, 5884–5892. 
[16] Z. Liang, D. Lin, J. Zhao, Z. Lu, Y. Liu, C. Liu, Y. Lu, H. Wang, K. Yan, 
X. Tao, Y. Cui, PNAS 2016, 113, 2862–2867. 
[17] C. Fu, V. Venturi, J. Kim, Z. Ahmad, A. W. Ells, V. Viswanathan, B. A. 
Helms, Nat. Mater. 2020, 19, 758–766. 
[18] Y. Liu, S. Xiong, J. Wang, X. Jiao, S. Li, C. Zhang, Z. Song, J. Song, 
Energy Storage Materials 2019, 19, 24–30. 
[19] F. Ding, W. Xu, G. L. Graff, J. Zhang, M. L. Sushko, X. Chen, Y. Shao, 
M. H. Engelhard, Z. Nie, J. Xiao, X. Liu, P. V. Sushko, J. Liu, J.-G. Zhang, J. 
Am. Chem. Soc. 2013, 135, 4450–4456. 
[20] Y. Zhang, J. Qian, W. Xu, S. M. Russell, X. Chen, E. Nasybulin, P. 
Bhattacharya, M. H. Engelhard, D. Mei, R. Cao, F. Ding, A. V. Cresce, K. Xu, 
J.-G. Zhang, Nano Lett. 2014, 14, 6889–6896. 
[21] L. Suo, Y.-S. Hu, H. Li, M. Armand, L. Chen, Nat Commun 2013, 4, 
1481. 
[22] J. Zheng, X. Fan, G. Ji, H. Wang, S. Hou, K. C. DeMella, S. R. 
Raghavan, J. Wang, K. Xu, C. Wang, Nano Energy 2018, 50, 431–440. 
[23] Z. Zeng, V. Murugesan, K. S. Han, X. Jiang, Y. Cao, L. Xiao, X. Ai, H. 
Yang, J.-G. Zhang, M. L. Sushko, J. Liu, Nat Energy 2018, 3, 674–681. 
[24] S. Chen, J. Zheng, D. Mei, K. S. Han, M. H. Engelhard, W. Zhao, W. 
Xu, J. Liu, J.-G. Zhang, Advanced Materials 2018, 30, 1706102. 
[25] W. Shin, L. Zhu, H. Jiang, W. F. Stickle, C. Fang, C. Liu, J. Lu, X. Ji, 
Materials Today 2020, 40, 63–71. 
[26] X. Cao, H. Jia, W. Xu, J.-G. Zhang, J. Electrochem. Soc. 2021, 168, 
010522. 
[27] X. Ren, S. Chen, H. Lee, D. Mei, M. H. Engelhard, S. D. Burton, W. 
Zhao, J. Zheng, Q. Li, M. S. Ding, M. Schroeder, J. Alvarado, K. Xu, Y. S. 
Meng, J. Liu, J.-G. Zhang, W. Xu, Chem 2018, 4, 1877–1892. 
[28] L. Yu, S. Chen, H. Lee, L. Zhang, M. H. Engelhard, Q. Li, S. Jiao, J. 
Liu, W. Xu, J.-G. Zhang, ACS Energy Lett. 2018, 3, 2059–2067. 

This article is protected by copyright. All rights reserved 

Au
th

or
 M

an
us

cr
ip

t 

 

 

 15213773, 2022, 13, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202115909 by O

ffice O
f Scientific A

nd T
echnical Inform

ation, W
iley O

nline L
ibrary on [19/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



COMMUNICATION          

5 

 

[29] J. Xie, L. Liao, Y. Gong, Y. Li, F. Shi, A. Pei, J. Sun, R. Zhang, B. Kong, 
R. Subbaraman, J. Christensen, Y. Cui, Science Advances 2017, 3, 
eaao3170. 
[30] Y. Zhu, X. He, Y. Mo, Advanced Science 2017, 4, 1600517. 
[31] D. Lin, Y. Liu, W. Chen, G. Zhou, K. Liu, B. Dunn, Y. Cui, Nano Lett. 
2017, 17, 3731–3737. 
[32] M. He, R. Guo, G. M. Hobold, H. Gao, B. M. Gallant, PNAS 2020, 117, 
73–79. 
[33] D. Belov, D.-T. Shieh, J Solid State Electrochem 2012, 16, 603–615. 
[34] D. Gao, J. B. Xu, M. Lin, Q. Xu, C. F. Ma, H. F. Xiang, RSC Adv. 2015, 
5, 17566–17571. 
[35] M. Moreno, E. Simonetti, G. B. Appetecchi, M. Carewska, M. 
Montanino, G.-T. Kim, N. Loeffler, S. Passerini, J. Electrochem. Soc. 2016, 
164, A6026. 
[36] Q. Wang, Z. Yao, C. Zhao, T. Verhallen, D. P. Tabor, M. Liu, F. Ooms, 
F. Kang, A. Aspuru-Guzik, Y.-S. Hu, M. Wagemaker, B. Li, Nat Commun 2020, 
11, 4188. 
[37] G. G. Eshetu, X. Judez, C. Li, M. Martinez-Ibañez, I. Gracia, O. 
Bondarchuk, J. Carrasco, L. M. Rodriguez-Martinez, H. Zhang, M. Armand, J. 
Am. Chem. Soc. 2018, 140, 9921–9933. 
[38] L. Suo, O. Borodin, T. Gao, M. Olguin, J. Ho, X. Fan, C. Luo, C. Wang, 
K. Xu, Science 2015, 350, 938–943. 
[39] X. Ren, P. Gao, L. Zou, S. Jiao, X. Cao, X. Zhang, H. Jia, M. H. 
Engelhard, B. E. Matthews, H. Wu, H. Lee, C. Niu, C. Wang, B. W. Arey, J. 
Xiao, J. Liu, J.-G. Zhang, W. Xu, PNAS 2020, 117, 28603–28613. 
[40] V. Sharova, A. Moretti, T. Diemant, A. Varzi, R. J. Behm, S. Passerini, 
Journal of Power Sources 2018, 375, 43–52. 
[41] B. D. Adams, J. Zheng, X. Ren, W. Xu, J.-G. Zhang, Advanced Energy 
Materials 2018, 8, 1702097. 
[42] Z. Yu, H. Wang, X. Kong, W. Huang, Y. Tsao, D. G. Mackanic, K. 
Wang, X. Wang, W. Huang, S. Choudhury, Y. Zheng, C. V. Amanchukwu, S. 
T. Hung, Y. Ma, E. G. Lomeli, J. Qin, Y. Cui, Z. Bao, Nat Energy 2020, 5, 526–
533. 
[43] G. M. Hobold, J. Lopez, R. Guo, N. Minafra, A. Banerjee, Y. Shirley 
Meng, Y. Shao-Horn, B. M. Gallant, Nat Energy 2021, 6, 951–960. 
[44] J. Zheng, G. Ji, X. Fan, J. Chen, Q. Li, H. Wang, Y. Yang, K. C. 
DeMella, S. R. Raghavan, C. Wang, Advanced Energy Materials 2019, 9, 
1803774. 

This article is protected by copyright. All rights reserved 

Au
th

or
 M

an
us

cr
ip

t 

 

 

 15213773, 2022, 13, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202115909 by O

ffice O
f Scientific A

nd T
echnical Inform

ation, W
iley O

nline L
ibrary on [19/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



COMMUNICATION          

6 

 

 

Table of Contents 

 

  

A facile potential hold process fosters the growth of more inorganic solid-electrolyte interphase (SEI) for anode-free lithium-metal 

batteries. Owing to the various decomposition potentials of the Li-solvation structures, salt anion-derived SEI was preferentially 

established on the current collector while reducing the components from organic solvents. 

 

This article is protected by copyright. All rights reserved 

Au
th

or
 M

an
us

cr
ip

t 

 

 

 15213773, 2022, 13, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202115909 by O

ffice O
f Scientific A

nd T
echnical Inform

ation, W
iley O

nline L
ibrary on [19/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


