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A B S T R A C T

The application potential of Li-ion batteries is growing as demand increases in different fields at
various stages in energy systems, in addition to their conventional role as power sources for
portable devices. In particular, applications in electric vehicles and renewable energy storage are
increasing for Li-ion batteries. For these applications, improvements in battery performance are
necessary. The Li-ion battery produces and stores electric power from the electrochemical redox
reactions between the electrode materials. The interface between the electrodes and electrolyte
strongly affects the battery performance because the charge transfer causing the electrode redox
reaction begins at this interface. Understanding of the surface structure, electronic structure, and
chemical reactions at the electrode–electrolyte interface is necessary to improve battery per-
formance. However, the interface is located between the electrode and electrolyte materials,
hindering the experimental analysis of the interface; thus, the physical properties and chemical
processes have remained poorly understood until recently. Investigations of the physical prop-
erties and chemical processes at the interface have been performed using advanced surface sci-
ence techniques. In this review, current knowledge and future research prospects regarding the
electrode–electrolyte interface are described for the further development of Li-ion batteries.

1. Introduction

Concerns regarding environmental pollution and the depletion of energy sources in our life are increasing. The most realistic and
feasible strategy to solve these problems is the enhancement of the efficiency of energy use. Energy usage at a specific time and place
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by generating electricity using a rechargeable battery is one suitable method for improving efficiency. Currently, Li-ion batteries are
the most common type of rechargeable batteries, with widespread use in portable electronic devices. Recently, the application of Li-
ion batteries has expanded to electric vehicles, factories, and renewable energy storage [1–4]. To meet the demands of these new
applications, Li-ion batteries require improvements in capacity, cycling, and high-rate performance. To improve battery performance,
the interface between the electrodes and electrolyte must be both thoroughly understood and controllable. In this review, current
knowledge and future research prospects regarding the electrode–electrolyte interface in Li-ion batteries are summarized.

The first Pb–acid rechargeable battery was invented in 1859 by Gaston Plante; the development of nickelecadmium and nick-
elehydrogen batteries followed, and finally led to rechargeable batteries using Li [1–4]. The high specific capacity (3860 A·h/g) of Li
suggested its use as an electrode material; Li–TiS2 and Li–MoS2 batteries are examples of Li-ion battery systems. However, the low
recharging behaviors and safety issues of Li negative electrodes induced the replacement of Li-negative electrodes with intercalated
materials. In lithiated carbon (typically graphite), the charge–discharge reaction in an appropriate organic electrolyte forms a stable
surface film known as the solid electrolyte interphase (SEI) on the electrode [5]. The applicability of LiCoO2 in positive electrode
material was discovered by Goodenough et al. in 1980 [6]. Current Li-ion batteries use graphite negative electrodes and lithiated-
metal layered compounds, typically LiCoO2, as positive electrodes, in which the Li insertion and extraction processes occur during the
charge and discharge reactions, respectively. In 1991, Li-ion batteries were commercialized by SONY for use in small electric devices
because they offered high energy densities [7]. At present, Li-ion batteries are indispensable power sources for portable electronic
devices in modern life [1–4,9].

Modern industrial Li-ion batteries are typically composed of the following components (Fig. 1):

A. A current collector for the negative electrode
B. A composite negative electrode
C. A separator to prevent direct contact between the negative and positive electrodes immersed in an organic electrolyte
D. A composite positive electrode
E. A current collector for the positive electrode

Typically, Cu is used for A. B is prepared by mixing the active material with a binder. Carbon materials and F-containing resins
like polyvinylidene difluoride (PVdF) are typically used as the active and binder materials, respectively. When active materials with
low electron conductivity are used, the conductive material, i.e. acetylene black is mixed with the composite electrode. For C,
polyethylene (PE) or polypropylene (PP) microporous membranes are used as separators. The separator is immersed by the elec-
trolyte, typically a Li salt such as LiPF6, is dissolved in a carbonate-based organic solvent, often a mixture of ethylene carbonate (EC)
and dimethyl carbonate (DMC), diethyl carbonate (DEC), or ethyl methyl carbonate (EMC). Small amounts of additives such as
vinylene carbonate (VC) are also dissolved in the electrolyte to improve the battery performance. For D, a mixture of the active
material, binder, and conductive materials is prepared (Fig. 2) [8]. Layered metal oxides like LiCoO2 and PVdF are typical active and
binder materials, respectively. To improve the electron conductivity, carbon materials like acetylene black are used as the conductive
material. For E, Al foil is typically used, with the composite positive electrode pasted onto the metallic current collector. During the
charge–discharge reaction in a Li-ion battery, Li ions and electrons move by diffusion between the active materials in the negative
and positive electrodes.

During the charging and discharging of a Li-ion battery, Li ions move between the positive and negative electrodes. Here, it is
assumed that Li ions initially occupy the positive electrode (Fig. 3). To begin the discharging reaction, a lower electrochemical
potential is applied to the positive electrode. To compensate for the difference in electrochemical potential between the positive and
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Fig. 1. Schematic model of typical structure of an industrial Li-ion battery.
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