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Li-ion battery electrolytes containing an additive, or additives, are often called functional
electrolytes [1], as the additives enhance and facilitate functions such as solid electrolyte
interphase (SEI) formation on the anode, cycle life improvement for the cathode and safety.
The introduction of additives that have their own redox stability limits also modifies the original
redox chemistries on both anode and cathode and forms different SEI and cathode electrolyte
interphases (CEI) [2]. Furthermore, the nature of the anode and cathodes also influences the
properties of SEI and CEI on electrodes [3,4]. These changes significantly impact the Li+ charge
transfer kinetics in the Li-ion cells.
Full cells made of graphite (Gr) anodes and lithium nickel cobalt aluminum oxide (NCA)
cathodes in a baseline electrolyte of 1 M LiPF6 in EC:EMC:MP (20:20:60 v/o), with or without
additive, and a Li reference electrode inserted in between the two electrodes were used to
measure the impedance across the Gr/electrolyte and NCA/electrolyte interfaces at the same
time [5]. The Li+ charge transfer resistance, Rct, was extracted from the impedance Nyquist plot
by matching with an equivalent circuit. The activation energy, Ea, was derived from the Rct
values at different temperature using the relationship, 1/Rct = Ao e –Ea/RT , where Ao, R and T
are a frequency factor, the gas constant and the temperature in Kelvin, respectively.
The additives studied included lithium bis(oxalato)borate (LiBOB), vinylene carbonate (VC),
1,3-propanesultone (PS), lithium difluoro(oxalato)borate (LiDFOB), and lithium
bis(fluorosulfonyl)imide (LiFSI). The impact of LiBOB and LiFSI on the Li+ charge transfer
kinetics are especially noteworthy. The presence of LiBOB results in a lower Rct and Ea on the
NCA cathode, but higher Rct and Ea at the Gr anode compared to the baseline electrolyte. The
presence of LiFSI results in a lower Rct and Ea on NCA cathode and also lower Rct, however,
similar Ea on the Gr anode compared to the baseline electrolyte. The additive that is not ideal
for the anode could benefit the cathode kinetics, such as LiBOB. The LiFSI could benefit both
electrodes. The use of full cells with reference electrodes allows one to assess the full impact
of an additive on both the anode and the cathode at the same time.
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