
Recent progress in “water-in-salt” electrolytes (WiSEs) [1] and “hybrid aqueous/non-aqueous electrolytes (HANEs)”[2] made broader choices of active material in aqueous Li-ion batteries (ALIBs), because of their compared to standard aqueous 

electrolytes expanded electrochemical stability windows (ESWs). Exploring high energy density ALIBs is a consequently meaningful research topic. However, the formation of an ineffective interphase layer on the cathode surface in aqueous 

electrolyte obstructs the utilization of layered high energy cathode materials. Herein, a new organic compound, ethoxy-(pentafluoro)-cyclotriphosphazene (PFN) is introduced into HANEs as co-solvent. The addition of PFN can decrease the 

viscosity of highly concentrated HANEs and influence the solvation structure of Li+, facilitating the formation of a uniform cathode electrolyte interphase (CEI). PFN forms the CEI component monoester phosphate, which improves the 

performance of ALIBs based on NCM622 || TiO2@LiTi2(PO4)3 (P:N=1.5:1) that exhibit enhanced cycling stability with 79.3% capacity retention after 200 cycles at 1 C in the voltage range of 1.1-2.7 V, indicating that PFN can be a useful species 

to stabilize NCM622 operation in HANEs.
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COMPOSITION & CHARACTERIZATION OF ELECTROLYTE
K+

Composition of 13M series electrolyte
30°C

Coin cells (2032)

NCM622 || TiO2@LiTi2(PO4)3 full-cells, P:N=1.5:1 

Electrolytes 13M, 13M10, 13M20

Separator Glass Fiber (Whatman, GF/A)

Cell voltage window 1.1-2.7 V 

C-rate                                              2 * 0.5C & 198 * 1C

1C = 150 mAh g-1, based on anode 

Active materials/PVDF/Super C65        80: 10: 10

The introduced PFN as a stabilizing agent for aqueous/non-aqueous hybrid electrolyte, 

enabling of NCM622 || TiO2@LiTi2(PO4)3 full cells for high energy density and cycling stability. 

The addition of PFN leads to the formation of a composite CEI film on the surface of NCM622 

electrode, including inorganic and organic species, which can stabilize NCM622 in water 

contained environment and suppress electrolyte from further decomposition. As a result, a 

high initial energy density of 123 Wh kg-1 (active materials level) is achieved from NCM622 || 

TiO2@LiTi2(PO4)3 cell, the capacity retention reaches 79.3% after 200 cycles. At the same 

time, the concentration of LiTFSI is reduced to 13M per kilogram solvent, easing (but not 

eliminating) cost worries imposed by LiTFSI. 

13 M (13M) LiTFSI/water/DMC molar ratio = 1: 0.71: 0.71

13 M-10% PFN (wt.%) 

(13M10)

LiTFSI/water/DMC/PFN molar ratio = 1: 0.71: 

0.71: 0.15

13 M-20% PFN (wt.%) 

(13M20)

LiTFSI/water/DMC/PFN molar ratio = 1: 0.71: 

0.71: 0.33
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CF3 Vibration 

of LiTFSI

   Li+-N=P

❖ 13M:      Dimethyl carbonate (DMC) was used as co-solvent, dissolving 13M                

LiTFSI into 1 kg bi-solvent of milli-Q H2O/DMC (1:1, molar ratio)

❖ 13M10: 10% PFN was added into 13M electrolyte 

❖ 13M20: 20% PFN was added into 13M electrolyte 

• Generated coordination Li+-N=P bond • Reduced viscosity of electrolyte by PFN • Improved ionic conductivity of electrolyte

CYCLING PERFORMANCE

Modified electrolytes show: ➢ High initial capacity ➢ Improved cycling stability ➢ Increased Coulombic efficiency  

POST-MORTEM INVESTIGATION
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SEM investigation: effective CEI film and suppressed 

electrolyte decomposition for 13M20

XPS spectra: PFN could be decomposed during 

cycling and take part into the formation of CEI film
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