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Introduction

The combination of carbonaceous nanostructures (such 
as graphene) and conjugated polymers (e.g., emeraldine 
salt) enhances the possibility of exploring novel materials 
offering well-designed mechanical, electrical, optical, ther-
moelectric and electrochromic properties [1]. Graphene/
emeraldine salt nanocomposites have great potentials in 
applications such as rechargeable batteries, supercapaci-
tors, electromagnetic interference (EMI) shielding and sen-
sors [2–4].

Since 2004, that graphene, as a single layer of carbon 
atoms, was discovered by Geim [5], and it has attracted 
a great deal of attention, due to its extraordinary electric, 
thermal and mechanical properties [6] and potentially low 
manufacturing cost [7]. Moreover, graphene nanosheets 
exhibit large surface-to-volume ratio [8] which renders 
them as attractive substrate materials when compounded 
with polymers and inorganic particles for lithium ion bat-
teries [9, 10], electrochemical capacitors [11] or optical 
transparent films [12].

One means of developing the electrochemical properties 
of graphene-based composite materials is the possibility of 
thinning the graphene sheets and properly dispersing them 
in the composite matrix. Therefore, the uniform disper-
sion of graphene nanosheets in the polymer matrix is one 
of the critical factors in enhancing the physical properties 
of nanocomposites [13]. There have been many attempts 
to uniformly incorporate graphene sheets into composite 
materials. For example, a good dispersion of functional-
ized graphene sheets in polymer matrix was achieved, and 

Abstract In this work, nanocomposites with well-
designed sheet-on-sheet and particle-on-sheet structures 
consisting of emeraldine salt and graphene were prepared 
via in situ inverse microemulsion of aniline monomers by 
well-dispersed graphene as efficient template. Influences of 
the weight percentage of graphene on the morphology and 
electrical conductivity property of the resulting sandwich-
like structures were discussed. All the materials were char-
acterized by XRD, FTIR, DSC, Raman and UV–Vis spec-
troscopy techniques. The formation of emeraldine salt (ES) 
shell layer on the exterior of graphene was investigated 
by scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) techniques. The thermal stabil-
ity, electrical conductivity and electrochemical property of 
the graphene/emeraldine salt nanocomposites were exam-
ined by thermogravimetric analysis (TGA), conventional 
four-probe method and cyclic voltammetry, respectively. 
In comparison with the pure emeraldine salt, the graphene/
emeraldine salt sandwich-like structures showed enhanced 
electric conductivity, thermal stability and electrochemical 
property. A high specific capacitance of 1,615.42 F/g was 
obtained for graphene/emeraldine salt nanocomposites with 
sheet-on-sheet morphology at scan rate 5 mV/s which is 
superior to any studied graphene/emeraldine salt compos-
ites, up to now. Improvement in these properties is arisen 
from the fact that the π-bonded surface of the graphene 
sheet interacts strongly with the conjugated structure of 
the emeraldine salt sheet and increases relative amounts of 
quinoid rings to benzoid rings in sandwich-like structure of 
graphene/emeraldine salt nanocomposite.
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