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Direct Observation of Surface Film Characteristics of
Silicon Negative Electrode
in Fluorinated Cyclic Carbonate Electrolytes
by In-situ Electrochemical Atomic Force Microscopy
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Abstract

The impact of fluorine substitution of hydrogen atoms in ethylene carbonate in a LiPFe-based electrolyte on the

surface film formation process and film characteristics of a silicon negative electrode was studied using in-situ

electrochemical atomic force microscopy (In-situ AFM). As fluorine substitution increased, AFM revealed improved

shape conformability to silicon expansion and contraction, along with enhanced film strength, leading to better ca-

pacity retention, and reduced resistance increase during cycling.
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Fig. 1 Molecular structures of cyclic carbonate (a) EC,
(b) FEC and (c) DFEC.
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Fig. 2 Schematic diagram of In-situ AFM experi-
mental.
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Table T Charge and discharge capacity and coulombic efficiency of silicon thin films at first cycle using various
electrolytes.

Capacity/ mAh . .
Electrolyte - - Coulombic efficiency/ %
Charge Discharge Irreversible
1 mol dm™ LiPFs / EC + DEC 0.172 0.089 0.083 51.7
1 mol dm™ LiPFs / FEC + DEC 0.142 0.085 0.057 59.9
1 mol dm™ LiPFs / DFEC + DEC ~ 0.125 0.084 0.041 67.3
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Fig. 4 Capacity and cycle performance of silicon thin film in various electrolytes. (a) Charge and discharge curves

at 25°C, (b) Discharge capacity retention at 45°C.
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Fig.5 Charge and discharge curves during cycle in various electrolytes at 45°C. (a) 1 mol dm= LiPFs / EC + DEC,
(b) 1 mol dm~ LiPFs / FEC + DEC, and (c) 1 mol dm-3 LiPFs / DFEC + DEC.
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Fig.6 Cyclic voltammograms of silicon thin film in various electrolytes at 25°C. (a) 1 mol dm=3 LiPFs / EC + DEC,
(b) 1 mol dm= LiPFs / FEC + DEC, and (c) 1 mol dm-3 LiPFs / DFEC + DEC.

Fig.7 AFM images of surface films on silicon thin film at various potential range in 1 mol dm= LiPFs / EC + DEC.
@275V -1.85V,(b) 1.85V-0.95V,(c)0.95V-0.05V,(d) 0.05V-0.95V,and () 0.95V - 1.5 V.
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Fig.8 AFM images of surface films on silicon thin film at various potential range in T mol dm= LiPFs / FEC + DEC.
@275V -1.85V,(b) 1.85V-0.95V,(c) 0.95V - 0.05V,(d) 0.05V - 0.95V,and () 0.95V - 1.5V
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Fig. 9 AFM images of surface films on silicon thin film at various potential range in 1 mol dm= LiPFs / DFEC +
DEC.(@) 275V -1.85V,(b) 1.85V - 0.95V, (c) 0.95V - 0.05 V, (d) 0.05V - 0.95V,and () 0.95V - 1.5 V.
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Fig. 10 AFM images of surface films on silicon thin film after cycles in 1 mol dm= LiPFs / EC + DEC.
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Fig. 11 AFM images of surface films on silicon thin film after cycles in 1 mol dm= LiPFs / FEC + DEC.
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Fig. 12 AFM images of surface films on silicon thin film after cycles in 1 mol dm= LiPFs / DFEC + DEC.
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Fig. 13 Change in film volume during cyclic
voltammetry in various electrolytes at 25°C .
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