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a b s t r a c t

Lithium metal has emerged as a highly promising anode material for enhancing the energy density of

secondary batteries, attributed to its high theoretical specific capacity and low electrochemical poten-

tial. However, safety concerns related to lithium dendrite-induced short circuits and suboptimal electro-

chemical performance have impeded the commercial viability of lithium metal batteries. Current research

efforts primarily focus on altering the solvated structure of Li+ by modifying the current collector or in-

troducing electrolyte additives to lower the nucleation barrier, expedite the desolvation process, and sup-

press the growth of lithium dendrites. Nevertheless, an integrated approach that combines the advantages

of these two strategies remains elusive. In this study, we successfully employed metal-organic salt addi-

tives with lithophilic properties to accelerate the desolvation process, reduce the nucleation barrier of

Li+, and modulate its solvated structure. This approach enhanced the inorganic compound content in the

solid electrolyte interphase (SEI) on lithium foil surfaces, leading to stable Li+ deposition and stripping.

Specifically, Li||Cu cells demonstrated excellent cycle life and Coulombic efficiency (97.28% and 98.59%, re-

spectively) at 0.5mA/cm2@0.5mAh/cm2 and 1mA/cm2@1 mAh/cm2 for 410 and 240 cycles, respectively.

Li||Li symmetrical cells showed no short circuit at 1mA/cm2@1 mAh/cm2 for 1150h, and Li||LFP full cells

retained 68.9% of their capacity (104.6 mAh/g) after 250 cycles at N/P (1.1:1.0) with a current density of

1 C.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

In the context of the global energy transition, the advancement

of new energy technologies is imperative for fostering a sustain-

able future [1–3]. With the Paris Agreement establishing clear ob-

jectives for global climate action, the development and deploy-

ment of alternative energy sources have become increasingly cru-

cial [4,5]. Battery technology, as a pivotal driver of the clean energy

revolution, has progressed from lead-acid to lithium-ion batteries

[6–10], with each technological advancement significantly enhanc-

ing energy density and cycle life. Since the commercialization of

Sony’s lithium-ion batteries in 1991, these batteries have played

a critical role in consumer electronics across various sectors due

to their high energy density, high voltage, and lightweight proper-

ties. However, the performance of lithium-ion batteries is nearing
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a plateau in response to growing industry demands, prompting the

research community to explore and develop alternative batteries

with greater potential [11–17].

In this context, silicon [18–20] and lithium metal [21,22] have

emerged as the most promising candidates for next-generation an-

odes. Among them, lithium-metal batteries are favored for next-

generation battery technology due to their excellent theoretical

specific capacity (3860 mAh/g) and low electrochemical potential

(−3.04V vs. SHE). Compared to traditional graphite anodes, lithium

metal anodes can significantly enhance the energy density of bat-

teries, which is critical for meeting future energy demands. Con-

sequently, lithium-based batteries (e.g., lithium-sulfur batteries, Li-

Se batteries, Li-O2 batteries) have been rapidly advancing in recent

years [23–27]. However, the commercialization of lithium-metal

batteries still faces significant challenges, including lithium den-

drite growth, anode volume expansion, and the subsequent rup-

ture of the SEI film, leading to short circuits and thermal run-

https://doi.org/10.1016/j.cclet.2024.110669

1001-8417/© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.



Q. Wang, D. Yang, W. Xin et al. Chinese Chemical Letters 36 (2025) 110669

away. These issues critically impact the safety and cycle stabil-

ity of batteries due to electrolyte depletion and “dead lithium”

[28–32].

To address these challenges, researchers have been developing

various strategies. Huang et al. [33]. created a lithophilic layer

and a LiF-rich SEI layer on a copper foam skeleton to reduce the

Li nucleation barrier and stabilize the SEI. Xu et al. [34]. pro-

posed a method involving a multifunctional lithium-pinned array

(m-LPA) based on 3D Cu@Cu3P materials, aimed at promoting

stable lithium deposition and exfoliation on both the surface

and internal structure of 3D copper frameworks. Liu et al. [35]

used a replacement reaction between AgNO3 and Li to form a

lithophilic layer on the Li foil surface, reducing the nucleation

barrier. Jia et al. [36] formed a porous LiZn alloy coating through

an in situ reaction between Zn(TFSI)2 and lithium metal to prevent

dendrite formation and/or uncontrollable lithium deposition. Fu

et al. [37] explored a sulfone-based electrolyte containing lithium

nitrate (LiNO3), with the addition of 1,1,2,2-tetrafuoroethyl-2,2,2-

trifluoroethyl (HFE) to a highly concentrated cyclobutyl sulfone

electrolyte, enhancing Li+ mobility and inhibiting Li dendrite

growth. Zhang et al. [38,39] developed two innovative approaches

based on the double-layer SEI concept, utilizing isosorbide dini-

trate (ISDN) and trioxane, respectively, as additives in a locally

high-concentration electrolyte (LHCE) to form a dual-layer SEI.

This SEI comprises a LiF-enriched bottom layer and a surface layer

rich in LiNxOy and Li polyoxymethylene, enhancing SEI uniformity

and mechanical strength while reducing side reactions between

Li and the electrolyte. Zhong et al. [40] utilized an ionic liquid

additive comprising N-methyl-N-decyl pyrrolidinium (Pyr1(10)+)
cation and bis(trifluoromethanesulphonyl)imide (TFSI−) anion as

a non-consumable electrostatic shielding additive, where the long

aliphatic chains in the cation "reject Li+" to form a dense self-

healing shielding layer, guiding uniform Li+ deposition and reduc-

ing lithium dendrite formation. Researchers are working on various

approaches, including but not limited to collector modification,

construction of artificial SEI, and development of electrolyte addi-

tives [33–46], to form a stable protective layer on the lithium metal

surface to inhibit dendrite growth, mitigate volume expansion,

and improve battery performance. Among these, collector modifi-

cation involves adding a lithophilic layer or artificial SEI layer or

constructing a three-dimensional structure on the collector surface

to reduce the Li+ nucleation barrier, alleviate Li volume expansion,

and reduce lithium dendrite growth. Electrolyte additive modifica-

tion focuses primarily on altering the Li+ solvation structure to re-

duce the desolvation barrier, accelerate interfacial Li+ dynamics, or

modify the SEI composition through additives to homogenize the

SEI and reduce lithium dendrite formation, or expand the electro-

chemical operating window through additives to achieve lithium-

metal batteries with a wide voltage range. However, neither

collector modification nor electrolyte additive modification alone

can fully address these challenges, warranting further exploration.

In this work, we have thoroughly considered how to com-

bine the advantages of collector modification with those of

electrolyte additive modification and explored a simple, no-

additional-operation-required battery assembly process to advance

the commercial development of lithium metal batteries (LMBs).

Taking advantage of the high reactivity of lithium metal and the

fast replacement reaction between silver ions, we achieved this

by adjusting the ratio of electrolyte additives, accelerating Li+

desolvation, guiding uniform Li+ deposition, and modifying the SEI

composition of the Li foil surface. And the addition of this additive

regulates the Li+ solvation structure, so that more organic anions

(TFSI−) regulate the SEI composition on the Li foil surface, and

more inorganic components to enhance the mechanical properties

of the SEI, which alleviates the lithium dendrites problem in

lithium metal anode batteries (LMAs) during deposition and strip-

Fig. 1. Mechanism diagram of (a) high reactivity of Li metal and Ag+ displacement

reaction. (b) Introduction of AgTFSI to lower the Li+ desolvation potential. (c) The

silver-containing lithophilic layer accelerates the desolvation of solvated Li+ and al-

ters the solvated structure of Li+ . (d) At 6.4mA/cm2@6.4mAh/cm2 conditions, in-

situ optical microscopy was used to observe lithium metal deposition from the Pris-

tine electrolyte and the AgTFSI electrolyte.

ping (Fig. 1). As a result, Li||Cu cells based on a silver-containing

lithophilic layer (AgTFSI) demonstrated excellent performance

at 0.5mA/cm2@0.5mAh/cm2, and 1mA/cm2@1mAh/cm2 for the

410th and 240th cycles, respectively, with a Coulombic efficiency

(hereinafter referred to as CE) of 97.28% and 98.59%. The Li||Li sym-

metric cells exhibited a cycle life of 1150h at a current density of

1mA/cm2 and a lithium metal deposition of 1 mAh/cm2. Lithium

foil with LiFePO4 cathode full cells (Li||LFP cells) assembled using

AgTFSI additives also maintained good discharge-specific capacity,

cycle life, and rate performance.

After examining the presence of silver metal on the surface

of lithium metal at various ratios and testing the performance of

Li||Cu cells (Fig. S1 in Supporting information), 0.5% AgTFSI (here-

after referred to as AgTFSI) was identified as the optimal choice.

To demonstrate that anodes treated with AgTFSI electrolyte exhibit

a lithophilic silver layer on their surface, the AgTFSI anodes were

analyzed using X-ray diffraction (XRD), X-ray photoelectron spec-

troscopy (XPS), and scanning electron microscope & energy dis-

persive spectroscopy (SEM&EDS) (Figs. 2a-e). The formation of the

lithophilic silver layer via a substitution reaction was confirmed by

XRD and XPS (Figs. 2a and b). The XRD pattern of the AgTFSI anode

displayed four characteristic peaks corresponding to metallic silver

at 2θ =38.116°, 44.227°, 64.98°, and 76.66°, which we attribute to

the high reactivity of lithium metal and the lithophilicity of sil-

ver metal, resulting in the partial formation of a silver-lithium al-

loy layer (Fig. 2a). Additionally, the XPS spectrum of the AgTFSI

anode (Fig. 2b) revealed two characteristic peaks at 373.65 and

367.63 eV, corresponding to the binding energies of Ag 3d3/2 and

Ag 3d5/2, respectively, with an inter-peak spacing of 6.02 eV, con-

firming the presence of metallic silver. In contrast to the smooth

surface of bare Li foil (Fig. S2 in Supporting information), SEM im-

ages of the AgTFSI anode (Figs. 2c and d) clearly show a hilly, zone-

like surface, indicative of silver metal. The morphology of this sur-

face suggests the presence of more lithophilic active sites, which

could effectively guide the uniform and dense deposition of Li+.
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Fig. 2. (a) XRD patterns of Ag-modified Li anodes before cycling. (b) Ag 3d XPS spectra of AgTFSI anodes before cycling. SEM image of AgTFSI anodes (c) cross-section and

(d) surface before cycling. (e) Corresponding EDS mapping of Ag.

Fig. 3. (a) Raman spectra of the corresponding electrolyte. (b) Peak fitting of TFSI− and (c) concretization. (d) 7Li and (e) 19F NMR spectra of AgTFSI and Pristine. (f) Schematic

diagram of Li+ solvation structure.

As indicated by SEM-EDS in Fig. 2e, there is a uniform distribution

of metallic silver on the surface of lithium metal.

To elucidate the behavior of AgTFSI within the electrolyte,

the solvated structure of Li+ was investigated using Raman spec-

troscopy. As depicted in Fig. 3a, the spectral region between

720 cm−1 and 760 cm−1 corresponds to the vibrational signal peaks

of S-N-S and C-S bonds within TFSI−, where the S-N-S bend-

ing frequency shifts due to interactions with Li+. Additionally, the
DME molecular vibration peaks were observed in the range of

800–880 cm−1, with the peaks at 825 and 850 cm−1 correspond-

ing to the bending vibration of -CH2 and the stretching vibra-

tion of C–O in the DME molecule, respectively. Compared to the

Pristine electrolyte, the DME molecular vibration peak intensity

in the AgTFSI electrolyte increased, indicating a higher number of

free DME molecules. Further Raman spectral fitting in the range

of 670–780 cm−1 was conducted to determine the relative pro-

portions of different solvated clusters (Fig. 3b). Unique peaks rep-

resenting solvated TFSI-ligand complexes were identified between

720 cm−1 and 760 cm−1. The introduction of the metal-organic salt

AgTFSI prompted TFSI- to participate in the solvated structure of

Li+, forming more ionic aggregates (AGG). The proportions of SSIP

(737 cm−1) and CIP (741 cm−1) decreased from 47.3% and 26.6%

to 44.3% and 22.7%, respectively, while AGG (747 cm−1) increased

from 26.1% to 33.0% (Figs. 3c-f).

To corroborate these findings, nuclear magnetic resonance

(NMR) tests were performed. The NMR results revealed notable

chemical shifts in both the 7Li (Fig. 3d) and 19F (Fig. 3e) spec-

tra (0.205 and 0.245ppm, respectively) towards lower fields fol-

lowing the addition of the AgTFSI electrolyte additive. This sug-

gests that the interactions between Li+ and solvent molecules were

weakened, while the ionic coordination between Li+ and TFSI−

was strengthened. Together, Raman spectroscopy and NMR anal-

ysis confirmed that the addition of the organometallic salt AgTFSI

effectively reduces the coordination degree of DME molecules and

alters the original solvated structure of Li+. This coordination is re-

placed by the interaction between TFSI− and Li+, facilitating the

decomposition of TFSI− at the SEI interface and generating more

inorganic components with high mechanical strength, thereby en-

hancing the stability of the SEI.

Linear scanning voltammetry (LSV) measurements were per-

formed using a Li||Li symmetric cell with the specified electrolyte

(Fig. 4a). The resulting exchange current density (i0) was fitted ac-

cording to Eq. S1 (Supporting information), revealing the i0 value

for the Pristine electrolyte is 2.151mA/cm2, while the higher i0
value for the AgTFSI electrolyte (2.675mA/cm2) indicates faster ion

migration at the interface. As shown in Fig. 4b, the lithium nu-

cleation overpotential on the Cu collector substrate was measured

using cyclic voltammetry (CV) to further elucidate the ion trans-

fer kinetics. The overpotential of the Pristine electrolyte is 40mV,

while the overpotential of the AgTFSI electrolyte is 18mV lower, in-

dicating accelerated charge transfer kinetics. The silver-containing

lithium layer effectively reduces the nucleation barrier. To con-

firm the stability of AgTFSI in the electrolyte, LSV testing showed

that its oxidation window is wider than its electrochemical stabil-

ity window, indicating its stable existence (Fig. 4c). Furthermore,

Li||Li symmetric cells were assembled and subjected to impedance
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Fig. 4. (a) Tafel plots derived from Li||Li symmetric cells using the Pristine electrolyte and AgTFSI electrolyte. (b) Cycling voltammograms of Li||Cu cells for the Pristine

electrolyte and AgTFSI electrolyte, recorded at a scan rate of 0.1mV/s within a voltage range of −0.25∼0.25V. (c) Linear sweep voltammograms of the Pristine electrolyte

and AgTFSI electrolyte conducted at a scan rate of 0.1mV/s. Plotting the natural logarithm of overpotential for constant current Li+ deposition/stripping against current density

and activation energies (d) Rsei and (e) Rct obtained from Nyquist plots of cyclic Li||Li cells using the Pristine electrolyte and AgTFSI electrolyte at various temperatures. (f)

Relationship between temperature and ionic conductivity for the Pristine electrolyte and AgTFSI electrolyte.

testing across a temperature range of 20–60 °C after 10 deposi-

tion/stripping cycles at a current density of 1mA/cm2 and a de-

position amount of 1 mAh/cm2. The results showed a decreasing

trend in impedance values with increasing temperature, indicat-

ing temperature-dependent changes (Fig. S3 in Supporting infor-

mation). The activation energy (Ea) was subsequently calculated

using the Arrhenius equation through a linear fit of impedance

versus temperature (Eq. S2 in Supporting information). Linear re-

gression analysis (Tables S1 and S2 in Supporting information) of

T−1 versus lnR1 (representing SEI resistance) and lnR2 (represent-

ing charge transfer resistance) yielded Ea1 and Ea2. Among these,

Ea1 represents the potential barrier for the migration and diffusion

of Li+ in the SEI, while Ea2 represents the energy required for Li+

release and dissociation in the solvation layer. The Ea1 value for

Li+ migration in the SEI of the AgTFSI electrolyte (47.25 kJ/mol) is

lower than that of the Pristine electrolyte (61.22 kJ/mol) (Fig. 4d),

and the Ea2 value for Li+ desolvation capacity (40.99 kJ/mol) ex-

hibited a similar trend when compared to the Pristine electrolyte

(50.67 kJ/mol) (Fig. 4e). We infer that the uneven morphology of

the silver-containing lithophilic layer in AgTFSI could provide more

nucleophilic sites, reducing the nucleation barrier for lithium, pro-

moting the solvation-desolvation process of Li+, and facilitating

rapid Li+ diffusion at the interface through SEI regulation. Addi-

tionally, by investigating the temperature-dependent changes in

ionic conductivity of the Pristine and AgTFSI electrolytes (20–60 °C)
(Fig. S4 in Supporting information) and analyzing the nonlinear

relationship between electrolyte logσ and T−1 using the Vogel-

Fulcher-Tamman (VFT) equation (Eq. S3 and Table S3 in Supporting

information), it was found that the Ea value of the AgTFSI elec-

trolyte (0.41327 eV) is higher than that of the pristine electrolyte

(0.33703 eV) (Fig. 4f), likely due to the increased involvement of

TFSI− anions in the solvation structure of Li+. This leads to the for-

mation of ionic aggregates that hinder rapid ion movement within

the electrolyte. However, these aggregates may promote anion de-

composition, resulting in the formation of an SEI rich in inorganic

compounds on the anode surface, thereby improving the mechani-

cal strength of the SEI and inhibiting lithium dendrite growth.

The morphology of lithium deposition after cycling with Pris-

tine electrolyte and AgTFSI electrolyte was characterized by scan-

ning electron microscopy (SEM). As depicted in Fig. 5a, the lithium

metal layer with Pristine electrolyte exhibited a cracked and large

morphological organization. The cross-sectional view (Fig. 5c) fur-

ther reveals that the lithium metal deposition layer in the Pristine

electrolyte shows a fractured and uneven morphology. This phe-

nomenon is attributed to side reactions within the electrolyte and

the non-uniform deposition of lithium, leading to the formation of

inactive lithium (dead lithium) that easily detaches from the larger

lithium deposits. This detachment results in low CE and a short-

ened cycle life for batteries utilizing Pristine electrolyte. In con-

trast, the AgTFSI electrolyte, which forms a lithophilic silver layer,

provides more nucleation sites, resulting in a lithium metal layer

that is densely organized, flat, and uniformly distributed (Fig. 5b).

The cross-sectional view of the AgTFSI electrolyte (Fig. 5d) demon-

strates a significantly different, more densely and uniformly or-

ganized lithium metal deposition layer compared to the Pristine

electrolyte. To further investigate, in-situ observation of the Li+

deposition process was conducted using an optical microscope at

6.4mA/cm2@6.4mAh/cm2 (Fig. 1). Results showed that prominent

lithium dendrites and uneven lithium deposition appeared after

10min with Pristine electrolyte. However, with AgTFSI electrolyte,

the growth of lithium dendrites during the Li+ deposition/stripping

process was effectively mitigated, demonstrating the key role of

the silver-containing lithophilic layer in stabilizing lithium metal

deposition.

X-ray photoelectron spectroscopy (XPS) was utilized to inves-

tigate the chemical composition of the SEI formed on the sur-

face of Li foil, with lithium metal anodes etched at varying depths

(Fig. S5 in Supporting information). The Ag3d spectra (Fig. 5e) con-

firmed the presence of a silver-containing lithophilic layer through-

out the SEI region, which enhances Li+ diffusive migration and

reduces the potential barriers for Li+ desolvation, thus acceler-

ating interfacial dynamics on lithium-metal surfaces. SEI analysis

(Fig. S6 in Supporting information) revealed carbonaceous decom-

position by-products in the C1s spectra, including C=C, C–O–C,

C=O, and O–C=O, located at 284.8, 286.6, 288.6, and 289.8 eV, re-

spectively. Examination of the Li 1s spectra (Figs. 5f and g) showed

significant compositional differences in the SEI composition dis-

tribution between Pristine and AgTFSI modified electrolyte. The

SEI layer formed with AgTFSI electrolyte demonstrated consistent

component distribution across etching depths, whereas the Pris-

tine electrolyte exhibited considerable variation, particularly in LiF

peaks. This suggests that the SEI formed in the Pristine electrolyte

is uneven, which may compromise its chemical and mechanical

strength, promote the growth of lithium dendrites, and result in a

shorter cycle life and lower CE. In contrast, the SEI formed by the

AgTFSI electrolyte is uniformly composed of inorganic and organic

substances, exhibiting superior overall strength. This uniform SEI

effectively isolates the lithium metal anode from the electrolyte,
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Fig. 5. The SEM images of Pristine electrolyte and AgTFSI electrolyte Li||Li symmetric cells after 30 cycles at 1mA/cm2@1mAh/cm2: (a-d) surface and cross-section. X-ray

photon spectroscopy (XPS) of lithium metal negative electrode at different etching depths (0, 10, 20nm) compared with Pristine electrolyte and AgTFSI electrolyte: (e) Ag 3d

XPS spectra, (f, g) Li 1s XPS spectra.

Fig. 6. Cycle performance of different electrolyte Li||Cu cells: (a) at 0.5mA/cm2@0.5mAh/cm2. Regarding the capacity voltage diagram of (b) Pristine electrolyte and (c)

AgTFSI electrolyte. (d) Cycle performance of different electrolyte Li||Cu cells at 1mA/cm2@1mAh/cm2. (e) Cycle performance of different electrolyte Li||Li symmetrical cells

at 1mA/cm2@1mAh/cm2. Li||LFP full cells at NP ratio=1.1:1.0. (f) Cycling performance at 1 C and (g) rate performance.

minimizes harmful side reactions, and enables more stable battery

operation. Furthermore, the F 1s spectra (Fig. S7 in Supporting in-

formation) showed that the Li foil with AgTFSI electrolyte exhibits

almost no C–F component in the 20nm region (90 s). This is at-

tributed to the fact that the AgTFSI organometallic additive altered

the solvated structure of Li+ and accelerated Li+ desolvation, with

TFSI− participating in the solvated Li+ structure, leading to the for-

mation of LiF degradation products on the Li foil.

The cycle life and CE of the batteries were assessed by as-

sembling Li||Cu and Li||Li symmetric cells to evaluate the protec-

tive performance of the lithium metal anode. The Li||Cu cell with

pristine electrolyte at 0.5mA/cm2@0.5mAh/cm2 exhibited a lim-

ited cycle life of 200 cycles with a CE of 96.51%. In contrast, AgTFSI

demonstrated a significantly improved cycle life exceeding 410 cy-

cles with CE of 97.28% (Fig. 6a). As shown in Figs. 6b and c, over-

potential analysis in Li||Cu cells indicated that the first-cycle over-

potential for AgTFSI (58mV) was much lower than that of the Pris-

tine electrolyte (193mV). Furthermore, the overpotential of AgTFSI

consistently remained consistently lower than that of the pristine

electrolyte during cycling. This improvement is likely attributed to

the silver-containing lithium layer in AgTFSI, which offers more

nucleation sites and results in a more uniform SEI composition,

effectively lowering the nucleation barrier of lithium. As shown

in Fig. 6d, Li||Cu cells at 1mA/cm2@1 mAh/cm2 displayed a sim-

ilar trend, The cycle life of AgTFSI exceeds that of CE stable at

98.59% after 240 cycles, while the Pristine electrolyte showed sig-

nificant efficiency degradation after 195 cycles, inferred to result

from the uncontrollable, non-uniform growth of lithium dendrites

during Li+ deposition/stripping, leading to dendrites piercing the

separator and causing a short circuit. Furthermore, the advantage

of AgTFSI became even more apparent at varying current densities

(Fig. S8 in Supporting information). Li||Cu cells at 0.5mA/cm2@1

mAh/cm2, 1mA/cm2@2 mAh/cm2, and 2mA/cm2@1 mAh/cm2 con-

sistently exhibited superior cycle life with AgTFSI compared to the

Pristine electrolyte. This supports the hypothesis that the addition

of AgTFSI forms a silver-containing lithophilic layer, which lowers

the nucleation barrier and alters the solvated structure of Li+, re-
sulting in an SEI with more stable properties. The cycle life was

5
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further analyzed using Li||Li symmetric cells (Fig. 6e and Fig. S9

in Supporting information). At 1mA/cm2@1 mAh/cm2 (Fig. 6e),

the pristine electrolyte showed unstable cycle life, with potential

micro-short circuits occurring around 400h due to lithium den-

drites puncturing the separator. In contrast, AgTFSI exhibited ex-

cellent cycle life, exceeding 1000h Analysis of the enlarged time-

voltage profile during a specific period (Fig. 6e) revealed that the

polarization potential of the pristine electrolyte was significantly

higher than that of AgTFSI. Similar electrochemical performance

was observed at current densities of 0.5 and 2mA/cm2 (details in

Fig. S9), which we attribute to the lithophilicity of the silver layer

and the enhanced participation of TFSI− in the Li+ solvation struc-

ture with AgTFSI, optimizing the potential barrier during Li+ depo-

sition/stripping. This leads to a more uniform and stable SEI com-

position on the Li foil, subsequently extending its stabilization and

cycle life.

To evaluate the applicability of AgTFSI electrolyte for lithium

metal anode protection across various applications, Li||LFP full cells

were assembled for electrochemical performance testing. The elec-

trochemical performance of Li||LFP full cells with an N/P ratio of

1.1:1.0 is shown in Figs. 6f and g, Figs. S10 and S11 (Supporting

information). The cells were activated at a current density of 0.1

C (1 C=170 mAh/g) for the first three cycles. At a current den-

sity of 1 C, AgTFSI exhibited a significantly better cycle life than

the pristine electrolyte. After 250 cycles, the capacity of AgTFSI

(104.6 mAh/g) was substantially higher than that of the pristine

electrolyte (30.3 mAh/g), with respective capacity retention rates

of 68.9% and 19.5%. The average capacity decay rate per cycle was

0.124% for AgTFSI electrolyte and 0.322% for the pristine electrolyte

(Fig. 6f). Furthermore, the Li||LFP full cell assembled with AgTFSI

electrolyte showed good cycle life, with 66.8% capacity retention

after 225 cycles at a current density of 0.5 C. As seen in the mag-

nification performance test results in Fig. 6g, AgTFSI maintained

higher capacity at higher rates.

Moreover, lithium metal-sulfur cells (Li||S cells) matched with

sulfur cathodes were also assembled for electrochemical perfor-

mance tests (Fig. S11). It was found that AgTFSI electrolyte con-

tinued to exhibit good electrochemical performance in Li||S cells.

Therefore, the stable lithophilic layer containing metallic silver en-

hances the electrochemical performance of full cells. We infer that

the addition of AgTFSI reduces the nucleation and diffusion barri-

ers of Li+, leading to improved performance.

In conclusion, we have demonstrated the advantages of combin-

ing collector modification with electrolyte additive modification by

introducing an organometallic salt additive containing lithophilic

metal cations to stabilize Li+ deposition/stripping via a silver-

containing lithophilic interface. Leveraging the high reactivity of

lithium metal, a finely organized and uniform lithophilic interfa-

cial layer with a hilly zone-like morphology is formed through

a substitution reaction on the surface of the lithium metal col-

lector, providing additional nucleation sites for lithium deposi-

tion. This unique hilly-ribbon-like structure effectively reduces the

nucleation barrier of lithium, accelerates the desolvation of Li+,
and alters its solvated coordination structure. The formation of

an SEI rich in inorganic compounds and a lithophilic silver layer

effectively addresses the challenge of inhibiting lithium dendrite

growth, thus stabilizing the Li+ deposition/stripping process. Us-

ing this bifunctional electrolyte additive, Li||Cu cells achieved im-

pressive cycling performances of 410 and 240 cycles at current

densities of 0.5 and 1mA/cm2, respectively, while Li||Li symmet-

ric cells maintained stability over 1150h at a current density of

1mA/cm2@1 mAh/cm2. Furthermore, the effectiveness of this elec-

trolyte additive was validated in Li||LFP full cells (N/P=1.1:1.0) and

Li||S cells. The simplicity of this assembly process, which requires

no additional complex operations, holds great promise for acceler-

ating the commercial development of lithium-metal batteries.
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