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Photochemical Modification of Graphene

Zhou, Lin' Zhang, LimingT Liao, Lei Yang, Mingmei Xie, Qin
Peng, Hailin Liu, Zhirong Liu, Zhongfan*
(Center for Nanochemistry, College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract Graphene, a two-dimensional (2D) atomic crystal composed of single-layer hexagonal mesh of carbon atoms, is
one of the most exciting materials being investigated today. Graphene chemistry, the covalent functionalization of graphene
as a giant molecule, provides a promising approach to controllably engineer graphene’s band structure, create novel graphene
derivatives and tailor the interfacial characteristics. One of the great challenges for graphene functionalization originates from
its strong chemical stability, thus highly reactive chemical species are needed as the reactants. In recent years, we have been
working on the photo-induced free radicals-based photochemistry of graphene, targeting the efficient graphene functionaliza-
tion for its band structure engineering. Various photochemical modification methods have been developed, such as photo-
chemical chlorination, photochemical methylation, photocatalytic oxidation and bifacially asymmetric functionalization of
graphene. The homogeneous and nondestructive photochlorination of graphene could remove the conducting = -bands and
open up a band gap in graphene. TiO,-based photocatalytic oxidation of graphene could realize photochemical tailoring of
graphene, including ribbon cutting, arbitrary patterning on any substrate, layer-by-layer thinning, and localized graphene to
graphene oxidation conversion. Using photochemical reaction of graphene as a probe, we have investigated the dimension
effects on graphene chemistry, including the thickness, stacking order, single- and double-side, and edge dependent reactivity
in graphene. After two-step functionalization of graphene, we have fabricated the thinnest Janus disc named Janus graphene,
which comprises two kinds of decorations separated by the one-atom-thick carbon layer. It is found that chemical decorations
on one side are capable of affecting both chemical reactivity and wettability of the opposite side, indicative of communication
between the two grafted decorations separated by a single-layer graphene. In this review, we select several typical examples
to demonstrate such kinds of photochemical graphene engineering and its intrinsic 2D reaction characteristics, together with a
brief discussion on the future directions, challenges and opportunities in this research area.
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Figure 6 Photocatalytic patterning and layer-by-layer thinning of graphene. (a) SEM image of a series of segregated graphene ribbons show differences
in width after photocatalytic patterning. (b) Photocatalytic patterning of graphene on plastic substrate. (c) D/G intensity ratio mapping of CVD-graphene
after mild photocatalytic treatment using a circular TiO, photomask. Inset shows the Raman spectra of photoexposed and unexposed areas. (d) AFM image
of GO-patterned graphene, within the white circle is graphene oxide. AFM images of few-layer graphene before (e) and after (f) photocatalytic oxidation,
respectively, in which the labeled numbers correspond to the layer thickness
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Figure 7 (a) Raman spectra of single-layer (1LG), bilayer (2LQG), tri-layer (3LG) and quadruple-layer (4LG) graphene presented in the same flake after
photochlorination. (b) Statistical analysis of the intensity ratio of D band to G band (Ip/I) as a function of layer numbers in the photochlorination (blue
line) and the reaction with benzoyl peroxide (red line). (¢) Raman spectra of the graphene sample after photochlorination. 1LG denotes single-layer gra-
phene, 2LG denotes AB stacked bilayer graphene, Non AB-stacked 2LG denotes non-AB-stacked bilayer graphene, FLG denotes few-layer graphene. (d)
Raman map of D band intensity for the CVD graphene grown on Cu after photochlorination
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Figure 8 (a) Raman spectra of suspended and supported single-layer graphene after photochlorination. Inset shows the optical image of graphene sus-
pended on SiO,/Si substrate with trenches. Yellow region represents a trench, on which graphene is free-standing. (b) Potential energy curves for a single
Cl atom sticking to one side of graphene (black curve), and the second ClI atom sticking to the same side (blue curve) or the opposite side (red curve). In-
sets show sketches of the atomic structures. (c) Schematic illustration of the PMMA-assisted transfer procedure to synthesize Janus graphene. (d) Change
of the Ip/I; in response to the phenylation time under different initial chlorination extent on the opposite side. (¢) Static water contact angle measurements
in the fabrication procedures of Janus graphene: single-sided photochlorination; exposure of graphene fresh side; single-sided phenylation; release of Janus
graphene. The insets exhibit images of water droplets and schematic illustrations of the related surfaces
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Figure 9 (a) Time evolution of the /p/I; for the spots on the single-layer
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