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Figure 1. (Color online) A layer of graphene peeled away from the graphite found in a common

pencil
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Fig 2 (Color online) Infrared spectrogram (a), XPS spectroscopy (b), Raman spectra (c¢), and XRD
pattern (d) of GO
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Fig 3The relationships of graphene, GO and rGO
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Fig 4 (Color online) CrGO was obtained by chemical selective reduction. (a) AgNO3/K,CO;
system based chemical selective reduction; (b) TMP-assisted selective photoreduction of carboxyl
and carbonyl group
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Fig 5 (Color online)Schematic diagram of functional reaction of o-hydroxyl/amino (a) and

mercaptoaniline (b) with GO under PPA activation’>*!
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Fig 6 Measurement of the “effective reduction depth” of rGO films. (a) Plot of sheet resistance of
rGO films obtained by our method versus filtration volume of GO solution. (b) Plot of sheet

resistance of rGO films, obtained by our method versus layer number
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Rod-coating Reduction process
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Fig 7 (Color online) ACLED with rGO as electrode and GO as dielectric layer were fabricated by

rod coating
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Fig 8 (Color online) Structures and performances of memory devices based on CrGO function
layer. (a) TMP-assisted selective optical reduction of CrGO and its application in two-terminal
structure memory. (b) Schematic representation for the preparation of CrGO and its application in

transistor memory devices as charge trapping layer in
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Fig 9 (Color online) Structures and performances of memory devices based on rGO electrode. (a)
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Fig 10 (Color online) Structure and working mechanism of neuromorphic devices based on GO. (a)
Schematic image of the planer GO sample. (b) The migratory and accumulative behaviors
(marked by inner black arrows) of internal ions (overall represented by positive ion spheres) at
sequential polarized, saturated, and depolarized stages. (c) A comprehensive comparison of the

synaptic activities under different stimuli and the synergistic effects of different stimuli
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Abstract

Graphene, as a kind of nano and mesoscopic molecule which consists of one-atom-thick planar
sheet comprising sp>-bonded carbon structure with exceptionally high crystal and electronic
quality, shows hierarchical different physical and chemical properties and has been emerged as a
rapidly rising star in the field of material science. Graphene has caused much concern in many
areas of science and technology due to its remarkable properties. These properties include
extraordinary mechanic performances, high specific surface areas and electron transport
capabilities. These unique physicochemical properties suggest that graphene has great potential for
providing new approaches and critical improvements in the field of information devices. In recent
years, many reviews focusing on graphene and related materials have been published. In addition,
several reviews with particular emphasis on information devices based on graphene related
materials have been reported. One specific branch of graphene research deals with graphene oxide
(GO) and reduced graphene oxide (rGO). GO can be considered as a precursor to graphene
synthesis by either chemical or thermal/light reduction processes. GO consists of a single-layer of
graphite oxide and is usually produced by the chemical treatment of graphite through oxidation,
with subsequent dispersion and exfoliation in water or suitable organic solvents. With respect to
its structure, there have been several structural models proposed over the years. These assume the
presence of various oxygen functional groups in the GO. The oxygen functional groups have been
identified as mostly in the form of hydroxyl and epoxy groups on the basal plane, with smaller
amounts of carboxyl, carbonyl, phenol, lactone, and quinone at the sheet edges. The chemical
reduction of graphene oxide is a promising route towards the large scale production of graphene
for commercial applications. The electrical conductivity of the functionalized graphene has been
observed to decrease significantly compared to pure graphene, moreover, the surface area of the
functionalized graphene prepared by covalent and non-covalent techniques decreases significantly
due to the destructive chemical oxidation of flake graphite followed by sonication,
functionalization and chemical reduction. However, complementary to the inherent properties of
graphene, functionalization or hybridization from GO and rGO can substantially improve the
performance of these materials in the information devices. The functionalization of graphene can
be performed by covalent and noncovalent modification techniques. In both cases, surface
modification and chemical selective reduction of graphene oxide have been carried out to obtain
solution-processable graphene related materials. It has been found that both the covalent and
noncovalent modification techniques are very effective in the preparation of solution-processable
graphene related materials. In this review, we outline the developments of GO/rGO related
chemical reactions, functionalization routes and self-assembled methods in the viewpoint of
hierarchical chemistry. The dispersibility and interactions of nanosheets involved in thin film
technology are summarized here to better understanding the GO/rGO ink formula, film forming

and nanostructure. Finally, the applications of GO/rGO related soluble processed materials in



smart information devices such as information display, information storage and neuromorphic are

discussed as well as the current challenges and several possible future research directions.

Keywords solution-processable; graphene; functionalization; self-assembly; intelligent

information devices



