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ABSTRACT

With the increasing demand for large-scale battery systems in electric vehicles (EVs) and smart renewable
energy grids, organic materials including small molecules and polymers utilized as electrodes in recharge-
able batteries have received increasing attraction. In recent years, two-dimensional (2D) organic materials
possessing planar layered architecture exhibit optional chemical modification, high specific surface area
as well as unique electrical/magnetic properties, which have been emerging as the promising functional
materials for wide applications in optoelectronics, catalysis, sensing, etc. Integrating with high-density
redox-active sites and hierarchical porous structure, significant achievements in 2D organic materials as
cathode materials for alkali-metal-ion batteries have been witnessed. In this review, the recent progress
in synthetic approaches, structure analyses, electrochemical characterizations of 2D organic materials as
well as their application in alkali-metal-ion batteries containing lithium ion battery (LIB), lithium sul-
fur battery (LSB), lithium air battery (LAB) and sodium ion battery (SIB) are summarized systematically,
and their current challenges including cycling stability and electron conductivity for cathode materials in

battery fields are also discussed.
© 2017 Science Press and Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published
by Elsevier B.V. and Science Press. All rights reserved.
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1. Introduction

The technology of energy storage and conversion lights up
various electronic devices, giving the comfortable life in mod-
ern society [1-4]. Electrochemical energy storage is considered as
one of the most promising strategies for storing energy [3,5-7].
With the development of nanotechnology, the appropriate energy
storage devices, including fuel cells [8-11], rechargeable alkali-
metal-ion batteries [12-19] and supercapacitors [20-22], etc., have
been designed rationally. Among them, rechargeable alkali-metal-
ion batteries, featuring clean, portable and high energy density
characters, have attracted much attention in the field of chem-
istry and material science [18,23,24]. For alkali-metal-ion batter-
ies, the electrode materials are the one of most important com-
ponent parts, yet they often suffer from short cycle life, slow
charging-discharging rate and lower power density, which lim-
its their wide applications in electric vehicles and smart re-
newable energy grids [25,26]. Thus, design and construction of
electrode materials with controllable nanostructure is still the
main challenge to gain high-performance alkali-metal-ion batteries
[27-30].

The electrode materials in alkali-metal-ion batteries can be di-
vided into negative electrode and positive electrode, termed an-
ode and cathode, respectively. For the former one, tunable porous
carbon frameworks decorated with metal oxides and metal sul-
fides as the anode materials exhibit high reversible capacity, long
cycle life, and rate performance in the recent years [18,31-33].
On the other hand, layered lithium transition metal oxides rep-
resent the most successful category of cathode, e.g. LiCoO, or
LiFePO4, which can undergo oxidation to higher valences when
lithium is removed [34-38]. However, the complex preparation

methods with energy consuming and low cycling performance
severely restricted the practical applications of these inorganic
cathode materials [39,40]. Therefore, that the development of cath-
ode materials could not reach to match with that of anode is
the critical problem to construct high performance alkali-metal-ion
batteries.

Recently, two-dimensional (2D) materials, featuring ultrathin
thickness of few atoms and large lateral size, exhibit excellent
characters, such as large surface area, high mechanical strength,
and amplified electronic and optical properties, which make them
promising candidates in next-generation energy devices applica-
tions [41-45]. Compared with inorganic 2D materials, such as
transition metal dichalcogenide [46-49], metal oxides [50,51], and
metal hydroxides [52,53], 2D organic materials with reversible
redox activity have been considered as novel cathode materi-
als, due to their tunable structures, light weight, flexibility, and
good semiconducting properties [42,54]. As the typical example
of 2D organic materials, graphene, a flat monolayer of carbon
atoms arranged in a 2D honeycomb lattice, exhibits unique physi-
cal and electronic properties, including high specific surface area,
high mechanical strength, long distance conductivity, and good
accessibility for electrolytes [42,55-60]. To date, large amounts
of graphene-based composite materials have been developed as
cathode materials for high-performance alkali-metal-ion batteries
[54,61-66]. Feng et al. reported that the macroporous graphene
aerogel-supported iron(Ill) hydroxide phosphate dihydrate micro-
spheres (GA/IHPDs) hybrids showed the excellent ultrahigh cur-
rent densities and reversible specific capacity of 155mA h g~1 af-
ter 300 cycles at a current density of 50mA g-!. These intrigu-
ing results could be attributed to the synergistic interaction be-
tween the IHPD and the graphene aerogel, in which the graphene
not only provided a continuous pathway for electron transporta-
tion, but also reduced the volume changes of the IHPD during
the charge-discharge cycles [67]. Unfortunately, pristine graphene
gives the zero bandgap and low electrochemical activity, lead-
ing to its poor specific capacity [68]. In this regard, searching
for new 2D organic materials with high conductivity and re-
versible electrochemical activity as the alternative key cathode
components for applications in alkali-metal-ion batteries is highly
desirable.

To meet the requirement of 2D organic materials as the cath-
ode for the application in alkali-metal-ion batteries, incorporation
of heteroatoms (e.g. boron (B), nitrogen (N), sulfur (S), phospho-
rus (P)) into the carbon backbone of 2D organic materials repre-
sents an efficient strategy to obtain high electrochemical perfor-
mance for alkali-metal-ion batteries [69-72]. On the basis of effi-
cient chemical synthesis, heteroatoms can be embedded into the
frameworks of 2D organic materials with well-controlled architec-
ture on molecule level by using appropriate building blocks and
various linkages [73]. Over the past few decades, the remarkable
achievements in design and synthesis of 2D heteroatom-embedded
organic materials as cathode materials have been witnessed sig-
nificantly. According to their structural size, these 2D organic ma-
terials can be classified as 2D polyaromatic molecules, 2D cova-
lent organic frameworks, and 2D polymeric nanosheets. Consider-
ing the broad field of 2D organic materials, the construction and
application of some branches of this field, like covalent organic
frameworks (COFs), have been enough described in another review
article [74-76]. However, a perspective review on the design of
heteroatom-embedded 2D organic materials as cathode for the ap-
plication in alkali-metal-ion batteries has not yet been documented
so far. In this review, we will comprehensively summary the syn-
thetic approaches, characterization, and electrochemical properties
of heteroatom-embedded 2D organic materials as cathode mate-
rials in alkali-metal-ion batteries, including lithium ion battery,
lithium sulfur battery, lithium air battery and sodium ion battery.
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