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plot also confirms that the PGCG has low charge transfer 
resistance and good capacitive behavior. These great proper-
ties make PGCG a novel electrode material with potential 
applications in high-performance energy storage devices.
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Introduction

Graphene is a two-dimensional (2D) carbon atom material 
with the hexagonal lattice structure [1]. Since the direct inves-
tigation of Novoselov et al., who mechanically exfoliated 
graphene in 2004 [2], graphene has been considered as one 
of the most important materials in the current century due to 
its excellent physical [3], thermal [4], optical [5] and electri-
cal properties [6] and so on. The thermal conductivity of gra-
phene can reach 3000–5000 W m−1 K−1, 10 times as much 
as copper [4]. The suspended graphene, on the other hand, 
exhibits a mobility approaching 200,000 cm2  V−1 s−1 for 
the carrier density below 5 × 109  cm−2 at low temperatures,
far more than the single-crystal silicon and carbon nanotube 
conductivities [7]. In addition, the white light absorbance of 
a suspended graphene monolayer is about 2.3% (or transmit-
tance of 97.7%) with a negligible reflectance of <0.1% [6]. 
Moreover, pristine graphene exhibits a high Young’s modulus 
(≈1 TPa) [7] and large theoretical specific surface area (SSA,
2630 m2 g−1) [8]. All these outstanding properties have thus 
aroused great research interest from the fundamental study to 
various applications of graphene.

However, everything has an opposite side: graphene 
with complete structure has high chemical stability [9], 
inert surface [10], high van der Waals forces within lay-
ers [11] and easy aggregation ability [12]. Moreover, 
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