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ABSTRACT 

To facilitate the practical application of lithium metal batteries (LMBs), stable interfaces between the 

electrolyte and the lithium metal must be achieved. Herein, we introduce a solvation protection strategy 

for designing a functional electrolyte for high-voltage LMBs. Fluoroethylene carbonate (FEC) was 

introduced as a solvation protection solvent for the difluoroethylene carbonate (DFEC)/trifluoroethyl 

methyl carbonate (FEMC) electrolyte system to enable the cycling of lithium metal anode. The addition 

of FEC alters the structures of lithium complexes in solution because of its relatively high solvating 

power. Through the precise control of the solvation number (> 1) of fluorinated cyclic carbonate (i.e., 

FEC:DFEC > critical ratio), lithium complexes with Li
+
 solvated solely by FEMC, which decompose on 
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the lithium surface to form detrimental by-products, can be effectively eliminated. The new ternary 

FEC/DFEC/FEMC system not only maintains the beneficial effect of DFEC in forming a robust solid-

electrolyte interphase on the lithium anode, but also confers outstanding anodic stability provided by 

FEMC, while eliminating detrimental FEMC decomposition through the solvation protection effect of 

FEC. Clearly, this ternary system outperforms the FEC/FEMC and DFEC/FEMC binary systems in 

facilitating the stable cycling of LMBs. 

TOC Graphic 

 

Introduction 

The remarkably high energy density delivered by a lithium metal anode and high-voltage layered 

oxide cathode renders high-voltage lithium metal batteries (LMBs) one of the most prominent potential 

candidates for next-generation battery systems. [1-5] However, the commercialization of LMBs is still 

impeded by their limited battery lives and severe safety issues arising from the high reactivity of lithium 

metal, [4-9] as well as the very unstable interfaces between electrolytes and the lithium anode. [9-11] To 

stabilize the lithium metal, researchers have been actively pursuing new approaches such as artificial 

protective layers on the lithium anode [12-14] and solid-state electrolytes. [14-16] Among the proposed 
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methods, the development of functional electrolytes provides an easy and cost-effective way to tackle the 

problem. [17-20] Apparently, conventional electrolytes designed for lithium ion batteries are incapable of 

stabilizing the cycling of a lithium anode. [17-18,21] To worsen the situation, since the ethylene carbonate 

(EC)-based conventional electrolyte was originally tailored for 4-V lithium ion chemistry, it displays poor 

performance in high-voltage (≥ 4.4 V vs. Li/Li
+
) systems. [22-25] As a result, several novel EC-free 

electrolyte systems, such as super-concentrated [18, 26-28] and localized concentrated [29-30] 

electrolytes, were developed to specifically target the stabilization of the lithium metal anode. Among the 

newly proposed systems, fluorinated electrolyte is one of the most promising candidates for high-voltage 

LMBs, thanks to its intrinsic anodic stability [22, 31-34] and its ability to stabilize lithium 

plating/stripping through the formation of a lithium fluoride-rich solid-electrolyte interphase (SEI). [20-

21,35-37] Since fluorinated solvents display reduced lithium-solvating ability [38-40] and increased 

reduction potential [22, 38-42] compared to their non-fluorinated counterparts, the protocol for electrolyte 

design for fluorinated electrolytes is also different. [38-40, 43] For example, the fluorinated solvent 

methyl(2,2,2-trifluoroethyl) carbonate (FEMC), which exhibits significantly improved high-voltage 

stability, should be adopted cautiously because of its reduced reduction stability. [38-40] Unlike its non-

fluorinated counterpart ethyl methyl carbonate (EMC), difluoroethylene carbonate (DFEC) is not 

desirable for use in FEMC-based electrolytes, although DFEC enables excellent SEI formation on the 

lithium anode in EMC-based electrolytes. [37, 39] The relatively high reduction potential of FEMC may 

induce severe decomposition of FEMC if a significant amount of FEMC solely solvating lithium 

complexes are presented in the electrolyte. [39] To fully utilize the advantages provided by fluorinated 

solvents, we herein propose a new strategy utilizing the solvation protection of fluoroethylene carbonate 

(FEC), which possesses significantly higher lithium-solvating power than DFEC, [39] to eliminate any 

lithium aggregates solvated solely by FEMC and “protect” the lithium anode from the detrimental by-
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products generated by the decomposition of FEMC. When a significant amount of FEC is introduced into 

an electrolyte comprising DFEC and FEMC, the resulting ternary electrolyte not only possesses very high 

anodic stability, but also enables the formation of an excellent SEI induced by DFEC that suppresses the 

formation of lithium dendrites and eliminates the adverse interference from the reductive decomposition 

of FEMC. Li||LiNi0.8Mn0.1Co0.1O2 (NMC811) cells employing 1.2M lithium hexafluorophosphate (LiPF6) 

in FEC/DFEC/FEMC electrolytes displayed very stable cycling performance when the volume ratio of 

FEC to DFEC was > 1, owing to the removal of lithium aggregates solely solvated by FEMC.  

 

Results and Discussion 

To begin, FEMC is commonly used as a fluorinated co-solvent to facilitate high-voltage operation of 

lithium batteries. [23,43-44] Figures 1a and 1b present, respectively, the capacity retention and 

Coulombic efficiency (CE) of Li||NMC811 cells using FEC/EMC and FEC/FEMC electrolytes cycled 

between 3.0 V and 4.4 V; the cycling details are summarized in Table S1. Obviously, the FEMC cell 

outperformed the EMC cell, with significantly higher capacity retention and average CE under high-

voltage cycling, owing not only to the enhanced anodic stability of FEMC but also to the reduced 

solvating ability towards metal ions. [45] In our previous study, we demonstrated that DFEC displayed 

superior lithium-stabilization capability, even better than that of FEC, in EMC-based electrolyte. [37] Yet, 

DFEC was found to be incompatible with FEMC-based electrolyte for LMBs. [39] Hence, it is highly 

desirable to solve the compatibility problem and incorporate the beneficial effects of both DFEC and 

FEMC in one electrolyte. 
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Figure 1. (a) Cycling performance and (b) Coulombic efficiency of Li||NMC811 cells using 1.2M LiPF6-FEC/EMC 

and FEC/FEMC electrolytes. 

 

The efficiency of lithium plating/stripping enabled by FEMC-based fluorinated electrolytes was 

evaluated by a Li||Cu cell test. [29, 37] Figure 2a presents an exemplary voltage profile and average 10-

cycle CE of the Li||Cu cell using 1.2M LiPF6 in FEC:DFEC:FEMC 3:3:14 (V:V:V) electrolyte; the 

voltage profiles of Li||Cu cells using electrolytes with other ratios are displayed in Figures S1-S4. The 

average CE remains at around 98.5% when the ratio of DFEC to total DFEC and FEC lies between 0 and 

0.5, and it drops to around 97.5% when the ratio is > 0.5 (Figure 2b), indicating that a significant amount 

of FEC (FEC > DFEC) enabled a more stable lithium plating/stripping process. Moreover, the difficulty 

of charge transfer on the lithium anode was assessed by the exchange current density i0 obtained from 

Tafel plots of Li||Li cells using various FEC/DFEC/FEMC electrolytes, which are displayed in Figure 2c. 

[46-47] As depicted in Figure 2d, the calculated i0 values decreased upon the decrease of the DFEC ratio 

until the volume ratio of DFEC = FEC, and the i0 values remained the same after the volume ratio of FEC 

> DFEC. This result agrees with the finding of the Li||Cu cell test, which suggests the formation of a more 
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robust SEI on the lithium surface after FEC reaches a critical ratio. Figure S5 depicts the Li||Li cell test 

for different electrolyte systems. The voltage fluctuation and polarization of the cells using DFEC:FEMC 

3:7 and DFEC:FEC:FEMC 5:1:14 electrolytes are relatively high. On the contrary, the cells using FEC-

FEMC and DFEC-FEC-FEMC (FEC >DFEC) electrolytes displayed lowered polarization and stabilized 

within 10 cycles. Clearly, the results of both Li||Li and Li||Cu cell tests all point to the enhancement of 

lithium plating/stripping stability and the mitigation of lithium dendrite formation when the addition of 

FEC is beyond the critical ratio. 

 

 

Figure 2. (a) Voltage profile of Li plating/stripping using Li||Cu cell with 1.2M LiPF6-FEC:DFEC:FEMC 3:3:14 

electrolyte; (b) Coulombic efficiency versus the ratio of DFEC:(DFEC + FEC) for the Li plating/stripping using 
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Li||Cu cells with 1.2M LiPF6-FEC/DFEC/FEMC electrolyte; (c) Tafel plots obtained from cyclic voltammetry test in 

Li||Li cells with various 1.2M LiPF6-FEC/DFEC/FEMC electrolytes; and (d) exchange current density vs. the ratio 

of DFEC:(DFEC + FEC). 

A series of solvation studies were carried out to reveal the mechanism behind the ultra-stable lithium 

plating/stripping after the volume ratio of FEC > DFEC. As displayed in Figure S6, the absorptions of 

FEC, DFEC, and FEMC in their Fourier-transform infrared (FTIR) spectra severely overlap with one 

another, rendering deconvolution of individual peaks impossible. However, the proton nuclear magnetic 

resonance (
1
H-NMR) peaks of the three molecules can be easily distinguished in the 

1
H-NMR spectrum 

displayed in Figure S7. Thus, the solvation state of individual solvents in the FEC/DFEC/FEMC ternary 

electrolyte system with different DFEC:FEC ratios can be easily determined by internally referenced 

diffusion-ordered spectroscopy (IR-DOSY). [39, 48] Table S2 summarizes the molar ratio of individual 

solvents in electrolytes with various DFEC:FEC volume ratios. Figures 3a and 3b display, respectively, 

the 
1
H-DOSY spectra of FEC:DFEC:FEMC 3:3:14 (critical FEC:DFEC 1:1 ratio) with and without the 

addition of LiPF6. Apparently, the diffusion coefficients of FEC and DFEC are very similar and slightly 

larger than that of FEMC before the addition of LiPF6. After the addition of LiPF6, FEC diffuses the most 

slowly while DFEC diffuses the fastest, indicating that a significantly higher percentage of FEC is 

coordinating with lithium cations. With the use of toluene as an internal reference, the coordination ratio, 

solvation number (SN), and coordination number of FEC, DFEC and FEMC can be easily determined, 

[48] and the results are summarized in Table S3. Also performed were IR-DOSY studies on electrolytes 

with FEC:DFEC:FEMC ratios of 1:5:14 and 5:1:14, while the corresponding 
1
H-DOSY spectra are shown 

in Figures S8 and S9. Tables S4 and S5 also summarize, respectively, the solvation details of 

FEC:DFEC:FEMC 1:5:14 and 5:1:14 electrolytes. For the LiPF6 in FEC/DFEC/FEMC electrolytes with 

three different ratios, the coordination ratios of the solvents follow the order FEC > FEMC > DFEC, and 

the coordination number of lithium increases slightly upon the increase of the FEC ratio. This is 
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consistent with order of the solvating power FEC (0.63) > FEMC (0.44) > DFEC (0.10) as demonstrated 

in our previous work. [39] From the structural perspective, the solvating power of FEC is higher than that 

of FEMC since it is a cyclic carbonate. For the case of DFEC, it has two electron withdrawing fluorine 

atoms locating on both side of the carbonate, largely reduced the solvating ability of the carbonyl oxygen. 

Since a solvent molecule coordinating to the positively charged lithium ion reduces much more readily 

than a non-coordinating one, it is crucial to determine the SN of an individual solvent, which is the 

average number of molecules associated with one lithium cation. The SNs of FEC, DFEC and FEMC in 

different electrolytes are calculated and presented in Table 1. Noticeably, the SN of FEMC drops slightly 

upon the increase of the FEC:DFEC ratio, while it remains close to 2, suggesting that there are, on 

average, two FEMC molecules coordinating with lithium cations in the solvated lithium complexes. 

Notably, the total SN of cyclic carbonates (SNtc), which is the sum of the SNs of FEC and DFEC, 

increases significantly upon the rise of the FEC:DFEC ratio. For the electrolyte with FEC:DFEC in a 1:5 

ratio, the SNtc is 0.90 < 1, implying the prevalence of lithium complexes being solvated solely by the 

linear fluorinated carbonate FEMC in the solution. However, when the FEC:DFEC ratio > 1:1, the SNtc is 

significantly larger than 1, indicating that at least one cyclic carbonate molecule, either FEC or DFEC, is 

solvating the lithium cation in the lithium complexes (including separated ion pairs, contact ion pairs, and 

lithium aggregates). As reported previously, the decomposition of FEMC on a lithium metal anode, which 

leads to the formation of methoxide or trifluoroethoxide and carbonates, is highly detrimental for the 

lithium metal cell because the decomposition by-products not only react with electrolyte solvents, but also 

impair the robust SEI formed by the reduction of FEC or DFEC. [39] On the contrary, the sacrificial 

decomposition of FEC or DFEC is able to continuously “repair” the SEI on the lithium anode, which can 

be easily damaged upon long-term cycling. [37, 39] Since the lowest unoccupied molecular orbital 

(LUMO) of FEC- or DFEC-containing lithium complexes is located on the cyclic carbonate, [39] the 
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presence of FEC or DFEC in the lithium complexes can “protect” against the decomposition of FEMC, 

which is highly deleterious to the cycling of the lithium anode. Therefore, the addition of FEC to the 

DFEC/FEMC electrolyte beyond the critical FEC:DFEC (1:1) ratio can provide an effective “solvation 

protection” effect, suppressing the detrimental decomposition of FEMC by eliminating lithium complexes 

solely solvated by FEMC. Although the critical FEC:DFEC ratio may vary slightly upon the change of 

the ratio between total cyclic carbonates and FEMC, the solvation protection effect is only present when 

FEC is added beyond the critical FEC:DFEC ratio, at which SNtc of the all-fluorinated electrolyte is 

significantly larger than 1. This postulation is further validated by density functional theory calculations 

that reveal the LUMO level of an FEMC molecule in electrolytes with distinctive FEC:DFEC ratios. The 

unit cells representing 1.2M LiPF6 dissolved in FEC:DFEC:FEMC with volume ratios 1:5:14 and 5:1:14 

are depicted in Figure S10, while the projected density of states of optimized structures of FEMC in the 

two different electrolytes are presented in Figure 4. Accordingly, the energy level of FEMC in the 

electrolyte with FEC:DFEC ratio exceeding the critical ratio (FEC:DFEC 5:1 > 1:1) is considerably 

higher (0.5 eV higher) than the energy level in the electrolyte with FEC:DFEC smaller than the critical 

ratio (FEC:DFEC 1:5 < 1:1), strongly suggesting that the FEMC molecule is much more resistant to 

reduction in the electrolyte with an FEC:DFEC ratio exceeding the critical ratio. In summary, this ternary 

FEC/DFEC/FEMC electrolyte system with FEC:DFEC larger than the critical ratio offers an 

exceptionally stable high-voltage electrolyte for LMBs by combining the beneficial effect of DFEC, 

which is able to form a highly stable SEI on the lithium anode, and the advantage of using FEMC, which 

delivers extraordinary anodic stability, while eliminating the detrimental FEMC decomposition through 

the solvation protection effect of FEC. 

To further corroborate the solvation protection effect of FEC, we performed X-ray photoelectron 

spectroscopy (XPS) analysis on the lithium anode of Li||NMC811 cells employing various all-fluorinated 
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electrolytes after 3 formation cycles. The C1s, F1s, O1s and P2p XPS spectra of the lithium anodes from 

the cells using FEC:DFEC:FEMC 5:1:14, FEC:FEMC 3:7, and DFEC:FEMC 3:7 electrolytes are 

depicted, respectively, in Figures S11a, S11b and S11c. Qualitatively, the FEC/DFEC/FEMC cell shares 

more similar C1s, O1s and P2p spectra with the DFEC/FEMC cell than the FEC/FEMC cell, suggesting 

that DFEC is actively participating in the formation of SEI on the lithium anode in the FEC/DFEC/FEMC 

cell. Most importantly, the presence of a CF3 group in the C1s spectrum of the lithium anode from the 

DFEC/FEMC cell, which can only originate from the decomposition of FEMC, illustrates the inability of 

the DFEC/FEMC electrolyte to mitigate the reduction of FEMC. On the contrary, no absorption peak 

from the CF3 group was observed in the C1s spectra of FEC/FEMC and FEC/DFEC/FEMC cells, 

signaling that the lithium anode was “protected” from FEMC decomposition. Evidently, the addition of 

FEC to DFEC/FEMC electrolyte provides solvation protection to the lithium anode by suppressing the 

decomposition of FEMC through its preferential solvating ability towards the lithium cation.  
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Figure 3. 
1
H DOSY-NMR spectra of (a) FEC:DFEC:FEMC 3:3:14 (V:V:V) electrolyte and (b) 1.2M LiPF6-

FEC:DFEC:FEMC 3:3:14 (V:V:V) electrolyte, with toluene added as an internal reference. 

 



 

12 
 
 

 

 

 

Figure 4. Projected density of states (PDOS) of FEMC obtained in DFT simulations on 1.2M LiPF6-

FEC:DFEC:FEMC 1:5:14 and 1.2M LiPF6-FEC:DFEC:FEMC 5:1:14 electrolytes. 

 

Table 1. Coordination ratio (α) and solvation number (SN) of FEC, DFEC and FEMC in 1.2M LiPF6-

FEC/DFEC/FEMC electrolytes. 

Electrolyte αFEC αDFEC αFEMC SN of 

FECa 

SN of 

DFECa 

SN of 

FEMCa 

SN of Cyclic 

Carbonates (FEC+DFEC) 

1.2M LiPF6-

FEC:DFEC:FEMC 

1:5:14 (V:V:V) 

0.65 0.22 0.47 0.36 0.54 2.23 0.90 

1.2M LiPF6-

FEC:DFEC:FEMC 

3:3:14 (V:V:V) 

0.63 0.15 0.44 1.07 0.21 2.05 1.28 

1.2M LiPF6-

FEC:DFEC:FEMC 

5:1:14 (V:V:V) 

0.60 0.26 0.44 1.59 0.13 1.95 1.72 

 

a Solvation numbers of FEC, DFEC and FEMC were calculated by multiplying the coordination ratios of solvents with their 

solvent-to-lithium molar ratios. 
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The practical application of this solvation protection strategy can be clearly demonstrated by the 

electrochemical performance of Li||NMC811 cells. Firstly, the performance of high voltage NMC cell 

was affected heavily by the anodic stability of the electrolyte and thus, it is important to evaluate the 

oxidation stability of the all-fluorinated electrolytes. As expected, all the FEC/DFEC/FEMC electrolytes 

possess exceptional anodic stability, evidenced by the linear sweep voltammograms of 1.2M LiPF6-

FEC/DFEC/FEMC electrolytes with different FEC to DFEC ratios displayed in Figure S12. The onset 

oxidation voltages for all the fluorinated electrolytes were larger than 7.2 V, which is significantly higher 

than the upper cutoff voltage (4.4 V) of the Li||NMC811 cells. Therefore, all of the fluorinated 

electrolytes are highly stable towards the NMC811 cathode. Moreover, the conductivities of various1.2M 

LiPF6-FEC/DFEC/FEMC electrolytes were presented in Table S6. The conductivity of the fluorinated 

electrolytes increases with the rise of FEC content. Yet, the conductivities of all the electrolytes are larger 

than 3 mS/cm, which is adequate for the cycling of the Li||NMC811 cells. The cycling performance of 

Li||NMC811 cells was illustrated in Figures 5a and 5b, which respectively display the capacity retention 

and CE of Li||NMC811 cells using FEC/DFEC/FEMC electrolytes with various FEC:DFEC ratios, while 

the cycling details are summarized in Table 2. The Li||NMC811 cells were cycled at a rate of C/2 with a 

cutoff voltage between 4.4 and 3.0 V, following 3 formation cycles at a rate of C/10. Clearly, the cell 

employing DFEC/FEMC electrolyte showed inferior cycling performance, evidenced by its sudden rapid 

capacity drop starting at around the 20
th
 cycle. The addition of a small amount of FEC to the 

DFEC/FEMC electrolyte, giving a FEC:DFEC ratio of 1:5, provided very little protective effect, and the 

cell using the FEC:DFEC:FEMC 1:5:14 electrolyte still experienced a sudden rapid drop of capacity 

during early cycling, at around the 30
th
 cycle. However, the cycling performance of the Li||NMC811 cell 

was enhanced drastically when the FEC:DFEC ratio exceeded the critical ratio (1:1) with SNtc larger than 

1. The Li||NMC811 cells with FEC:DFEC:FEMC 3:3:14 and FEC:DFEC:FEMC 5:1:14 electrolytes 
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showed similarly highly stable cycling performance, with average CEs around 99.8% for the first 50 

cycles. In comparison, the DFEC:FEMC 3:7 and FEC:DFEC:FEMC 1:5:14 cells displayed not only 

significantly lower first-50-cycle average CEs, but also extremely unstable cycling performance due to 

the insufficient solvation protection by FEC. Although the Li||NMC811 cell using electrolyte without 

DFEC (FEC:FEMC 3:7) also showed stable cycling capability, the long-term performance of the 

FEC/FEMC cell was not as outstanding as that of the FEC/DFEC/FEMC cells with FEC:DFEC larger 

than the critical ratio; this finding was supported by the fact that the average 200-cycle capacity retention 

of the FEC/FEMC cell (82.6 %) was significantly lower than that of the cell using FEC:DFEC:FEMC 

3:3:14 electrolyte (90.8 %). Figures S13a, S13b, S13c and S13d exhibited respectively the 1
st
-cycle, 5

th
-

cycle, 50
th
-cycle and 200

th
-cycle voltage profiles of the Li||NMC811 cells using various 1.2M LiPF6-

FEC/DFEC/FEMC electrolytes. The cell employing electrolyte without DFEC (FEC-FEMC) showed 

significantly higher polarization in the 1
st
 cycle than all the cells using electrolytes with DFEC. However, 

the polarizations of the cells using electrolytes with FEC:DFEC lower than the critical ratio (i.e. 

DFEC:FEMC 3:7 and DFEC:FEC:FEMC 5:1:14 electrolytes) increased drastically, displaying 

significantly higher polarization than the FEC-FEMC cell. Apparently, the cells using ternary electrolytes 

with FEC:DFEC > critical ratio (i.e. DFEC:FEC:FEMC 3:3:14 and DFEC:FEC:FEMC 1:5:14 

electrolytes) experienced the least increase in the cell polarization. Again, the results of these cycling tests 

strongly coincide with our previous finding that the ternary FEC/DFEC/FEMC electrolyte system 

becomes a superior high-voltage electrolyte for LMBs through the solvation protection effect of FEC 

when the FEC:DFEC ratio is larger than the critical ratio. 
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Figure 5. (a) Cycling performance and (b) Coulombic efficiency of Li||NMC811 cells using 1.2M LiPF6-

FEC/DFEC/FEMC in different ratios.  

 

Table 2. Data associated with Figure 5 for Li||NMC811 cell operated at voltage range of 3.0–4.4 V with 1.2M LiPF6-

FEC/DFEC/FEMC electrolytes in different FEC:DFEC:FEMC ratios: 1
st
-cycle Coulombic efficiency (1

st
 CE), 1

st
-

cycle discharge capacity (1
st
 DC), capacity retention after 200 cycles (CR-200), average CE of 200 cycles (ACE-

200), and average CE of 50 cycles (ACE-50). 

Electrolyte 1
st
 CE 

1
st
 DC 

(mAh/g) 
CR-200 ACE-200 ACE-50 

1.2M LiPF6 DFEC:FEMC  

3:7 (V:V) 
91.3% 217.7 - - 99.45% 

1.2M LiPF6 
91.8% 210.8 - - 99.59% 
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FEC:DFEC:FEMC 1:5:14 

(V:V:V) 

1.2M LiPF6 

FEC:DFEC:FEMC 3:3:14 

(V:V:V) 

90.1% 210.9 90.8% 99.91% 99.81% 

1.2M LiPF6 

FEC:DFEC:FEMC 5:1:14 

(V:V:V) 

88.4% 215.2 90.2% 99.90% 99.80% 

1.2M LiPF6 FEC:FEMC  

3:7 (V:V) 
89.0% 201.4 82.6% 99.87% 99.78% 

 

Conclusion  

In summary, a solvation protection strategy was established to construct high-voltage fluorinated 

electrolytes for LMBs. Owing to the relatively high solvating power of FEC, it was introduced into the 

DFEC/FEMC electrolyte to serve as a solvation protection agent. The results of cell testing and advanced 

solvation studies clearly indicated that when the addition of FEC exceeded the critical FEC:DFEC ratio, 

at which the total SN of cyclic carbonates is larger than 1, FEMC was “protected” from decomposition. 

This new ternary FEC/DFEC/FEMC electrolyte system with FEC:DFEC larger than the critical ratio 

evidently enables exceptional cycling of Li||NMC811 cells by combining the outstanding SEI formation 

ability of DFEC and the superior anodic stability of FEMC, while mitigating the deleterious effect of 

FEMC decomposition through the solvation protection effect of FEC. As a result, this solvation 

protection strategy represents a powerful approach for the re-design of functional electrolyte systems. 
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