
Supporting Information

Tuning and Understanding the Solvent Ratios of Localized Saturated Electrolytes for 

Lithium-metal Batteries

Michael Yi, Laisuo Su, and Arumugam Manthiram*

McKetta Department of Chemical Engineering & Texas Materials Institute, The University of 
Texas at Austin, Austin, Texas 78712, United States

*Email: manth@austin.utexas.edu

S-1

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2023



Figure S1. SEM images of calcined LNO cathode secondary particles: (a) a single secondary 
particle and (b) multiple secondary particles.
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Figure S2. Evolution of the Coulombic efficiencies of LNO half cells cycled in the various 
electrolytes of interest.

S-3



0 100 200 300 400 500 600
3.2

3.4

3.6

3.8

4.0

4.2

4.4
 D1
 D3
 D5
 D7
 LP57

A
ve

ra
ge

 V
ol

ta
ge

 (V
 v

s.
 L

i+ /L
i)

Cycle Number

Figure S3. Average charge and discharge voltages over the course of long-term cycling in LNO 
half cells cycled in the various electrolytes of interest.
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Figure S4. Cycling performances of LNO coin half cells paired with thin Li-plated Cu foil in LP57 
and D5 LSE under lean-electrolyte conditions.
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Figure S5. EIS plots of LNO half cells charged to 3.8 V in the various electrolytes of interest after 
(a) three C/10 formation cycles and after (b) 30 cycles comprised of C/2 charge and 1C discharge 
steps.
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Figure S6. (a) LSV scans of Li | Al half cells in several electrolytes of interest charged up to 5 V 
with a scan rate of 0.05 mV s-1. (b) Inset in (a) focusing on the four LSEs in D1 – D7. The M47 
LHCE consists of LiFSI : DME : TTE in a 1 : 1.2 : 3 molar ratio.
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Figure S7. EIS plots of (a) LNO|LNO and (b) Li|Li symmetric cells that were harvested after 50 
cycles from LNO|Li half cells in LP57 and D5 LSE. The half cells were charged to 3.9 V following 
the 50 cycles and then were disassembled to make the symmetric cells.

Figure S6a shows the EIS plots for the LNO|LNO symmetric cells in LP57 and D5 electrolytes. 
For both curves, two semicircles are visible, more prominently on the LP57 cell. The first 
semicircle in the high-medium frequency region is ascribed to both surface-film resistance from 
the growth of the electrode-electrolyte interphases over cycling as well as contact resistance 
stemming from poor conductive contact between the current collector and electrode.1,2 The second 
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semicircle in the low-frequency region is typically attributed to the charge-transfer resistance 
across particle-to-particle and particle-to-electrolyte interfaces.3 It can be seen that both semicircle 
impedances are much smaller for the D5 symmetric cell than that of the LP57 symmetric cell, 
indicating a lower overall resistance growth for the former. This also suggests that a less-resistive 
CEI is formed on the LNO cycled in D5 LSE. Figure S6b correspondingly shows the EIS plots of 
the Li|Li symmetric cells. Only one semicircle is present for the Li|Li symmetric cells, but appears 
to have two smaller semicircles merged into one, as seen with the oblong nature of the overall 
semicircle. This suggests that the individual impedance contributions are further convoluted 
together for the Li|Li symmetric cells and is difficult to entirely separate the contributions. 
However, the D5 symmetric cell shows a smaller overall impedance growth compared to the LP57 
cell, which implies that the SEI formed over the course of cycling for the D5 LSE cell is less 
resistive to Li+ de-/intercalation. The overall EIS plots for both LNO|LNO and Li|Li cells indicate 
the growth of a more resistive CEI and SEI on LNO and Li-metal anode that were cycled with the 
LP57 electrolyte compared to those cycled in the D5 LSE and help explain the better long-term 
cyclability observed for the D5 LSE in half cells.
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Figure S8. Full view of the Coulombic efficiency cycling of various electrolytes in Li|Cu cells 
seen in Figure 5a.
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Figure S9. 7Li NMR spectra of the various electrolytes tested. Note that the D1 – D7 samples were 
analyzed without the addition of TTE.
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Figure S10. First screening test of electrolytes in this study by comparing the cycling performance 
of LNO in Li-metal coin half cells with the various electrolytes of interest under C/2 charge and 
1C discharge rates. 
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Figure S11. Images of LSEs tested in this study displayed from increasing FEC/EMC ratios 
starting from LSE EMC containing only saturated EMC as the solvent to LSE FEC containing 
only satruated FEC as the solvent. The red arrows on the LSE FEC image indicate the two phase 
separation between the saturated FEC solution and TTE. The bottom image is a magnified view 
of the LSE FEC to better showcase the separation layer between the saturated FEC and TTE.
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Figure S12. FTIR spectra of the (a) saturated electrolytes along with pure FEC and EMC solvents 
and (b) LSEs along with pure TTE from 800 to 900 cm-1 to study the PF6

- coordination.
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Table S1. Ionic conductivities of the various electrolytes used in this study

Electrolyte Conductivity 
(mS cm-1)

LP57 8.80

D1 1.46

D3 1.77

D5 1.98

D7 2.19
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Table S2. Tabulated atomic compositions of the main elements present in the LNO CEI from XPS 
data after 30 cycles of the half cells in the various electrolytes tested

LNO Cathode
Atomic % C O F

O lattice Rest of O 
species LiF Rest of F 

species
LP57 57.43 1.37 17.47 4.43 25.08

D1 52.65 1.29 11.82 6.82 33.09
D3 51.64 1.1 12.46 7.18 35.91
D5 53.91 1.27 12.05 7.99 34.05
D7 52.65 0.18 18.25 6.55 29.11
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Table S3. Tabulated atomic compositions of the main elements present in the Li-metal SEI from 
XPS data after 30 cycles of the half cells in the various electrolytes tested

Li-metal Anode
Atomic % C O F

LiF, LixPOyFz Rest of F species
LP57 47.91 23.4 11.69 17.02

D1 39.82 25.41 21.89 12.87
D3 43.85 26.6 17.02 12.53
D5 42.45 27.96 22.51 7.09
D7 41.81 29.21 20.05 8.93
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Table S4. Average CE of Li|Cu half cells in various electrolytes based on Figures 5a and S6 and 
the corresponding cycle number range the average was calculated with. The ranges were 
determined based on the parts of the cycling that had the least fluctuation in CE to determine a 
more accurate average. Initial cycling CE values from 1 – 50, for example, were omitted for the 
average calculation as the cells still showed increasing CE during that range for plating and 
stripping formation onto the Cu anode. The ranges also omitted the final cycling numbers where 
the cells begin to rapidly drop in CE. The average CE calculation was only carried out for D3, D5, 
and D7 cells, as the LP57 and D1 cells had no stable cycling regions where an accurate average 
could be determined.

Average CE (%) Cycle Number Range for Avg.

LP57 N/A N/A

D1 N/A N/A

D3 97.49% 50 – 100

D5 97.97% 50 – 125

D7 96.94% 50 – 125
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