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Drawbacks of Conventional Electrolytes

Nature Energy 2016, 1, 16114.



Electrolyte Engineering

1. High Concentration Electrolytes (HCEs)

Chem 2018, 4, 174.

10 M LiFSI in DMC 4 M LiFSI in DME

Nat. Comm. 2015, 6, 6362.



2. Local High Concentration Electrolytes (LHCEs)

Adv. Mater. 2018, 30, 1706102.

1.2 M LiFSI in DMC/BTFE (1:2) 1 LiFSI + 3TMS + 3TTE

Chem 2018, 4, 1877.

Electrolyte Engineering

Nat. Energy 2019, 4, 796.



3. Special Electrolytes

Nat. Nanotechnol. 2018, 13, 715.

Nat. Energy 2019, 4, 882.

1 M LiPF6 in FEC/FEMC/HFE (2:6:2)

LiFSI-FEC/FEMC/D2

LiBETI-FEC/DEC/M3

Electrolyte Engineering

LiTFSI in CH3F/CO2

LiTFSI in MeCN/CH3F/CO2

LiTFSI in THF/CH3F/CO2

Liquified gas electrolytes

Science 2017, 356, 1351.

Joule 2019, 3, 1986.

Energy Environ. Sci. 2020, 14, 112.

full fluorosulfonyl: 2.5 M LiFSI +

0.2 M LiPF6 in FSA

Energy Environ. Sci. 2020, 13, 212.



4. Dual-salt

Nat. Energy 2019, 4, 683.

Nat. Energy 2020, 5, DOI: 10.1038/s41560-020-0668-8

0.6 M LiDFOB + 0.6 M LiBF4 in FEC/DEC (1:2)

2.0 M LiDFOB + 1.4 M LiBF4 in FEC/DEC (1:2)

Electrolyte Engineering



Design Principles

1. High performance yet low/standard concentration: 1 M

2. Compatible with both Li metal anodes and high-voltage cathodes

3. Single-salt, single-solvent for understanding structure-property relationships

Z. Yu, H. Wang, Y. Cui, Z. Bao et al. Nature Energy 2020, 5, 5264.



Targets

1. Consistently high CE to minimize Li loss, including in the initial cycles.

2. Functionality under lean electrolyte and limited-excess Li conditions.

3. Oxidative stability towards high-voltage cathodes.

4. Reasonably low salt concentration for cost-effectiveness.

5. High boiling point or even non-flammability for safety and processability.



Battery Performance

1. Li metal anode compatibility

2. High-voltage cathode stability

3. Practical Li-metal full battery



Note: J. Xiao et al. Nat. Energy 2020, 5, 561.

Li Metal Compatibility: Li|Cu

Li metal

(750 μm)

Separator

(~20 μm)

Cu

(~25 μm)

➢ Fast activation process: CE >99% within 5 cycles



High-Voltage Stability: Li|Al

Li metal

(750 μm)

Separator

(~20 μm)

Al

(~15 μm)

➢ Stable vs high voltage until >6 V (conventional cathode chemistry 4.0-5.5 V)

1. Oxidative stability of the solvent itself.

2. Solubility of Al(anion)x
3-x species in the electrolyte.

3. Ni3+ dissolution, stability of CEI/protection layer, etc.



High-Voltage Stability: Li|Al

Li metal

(750 μm)

Separator

(~20 μm)

Al

(~15 μm)

Hold at 5.5 V for 72 h.

a) 1 M LiFSI/DME

100 μm

100 μm

100 μm

200 μm

200 μm

200 μm

b) 1 M LiFSI/DMB

c) 1 M LiFSI/FDMB



Li Metal Full Battery



Anode-free Pouch Cell

➢ Long anode-free battery cycling (Cu|PC-NMC532 >100 cycles)

➢ High energy density based on realistic chemistry (Cu|PC-NMC811 325 Wh kg-1)



Repeated Battery Data



Mechanism:

Li Morphology and SEI



Li Deposition Morphology

* Anode-free coin cells, Li morphology on Cu side after cycling.



SEI: Cryo-TEM

1 M LiPF6 in EC/DEC

SEI thickness >20 nm, heterogenous

Science 2017, 358, 506.



SEI: XPS

• Uniformity with depth profiling (similar results for other elements, please see SI).
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Beyond Performance:

Chemistry Perspective



Special Li-F Interaction

➢ Special five-member ring, non-covalent interaction



Special Li-F Interaction

➢ High FSI/FDMB ratio in Li+ solvation sheath: weak solvation ability of FDMB



Summary: A New Electrolyte System

ElectrolyteAnode Cathode

LFP, NMC…Thin Li metal,

anode-free

1. Consistently high CE to minimize Li loss, including in the initial cycles.

2. Functionality under lean electrolyte and limited-excess Li conditions.

3. Oxidative stability towards high-voltage cathodes.

4. Reasonably low salt concentration for cost-effectiveness.

5. High boiling point or even non-flammability for safety and processability.

➢ Pursuing even better solvents… in progress.
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