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            Abstract
Grain boundaries in graphene are formed by the joining of islands during the initial growth stage, and these boundaries govern transport properties and related device performance1,2. Although information on the atomic rearrangement at graphene grain boundaries can be obtained using transmission electron microscopy3,4 and scanning tunnelling microscopy2,5,6,7,8, large-scale information regarding the distribution of graphene grain boundaries is not easily accessible. Here we use optical microscopy to observe the grain boundaries of large-area graphene (grown on copper foil) directly, without transfer of the graphene. This imaging technique was realized by selectively oxidizing the underlying copper foil through graphene grain boundaries functionalized with O and OH radicals generated by ultraviolet irradiation under moisture-rich ambient conditions: selective diffusion of oxygen radicals through OH-functionalized defect sites was demonstrated by density functional calculations. The sheet resistance of large-area graphene decreased as the graphene grain sizes increased, but no strong correlation with the grain size of the copper was revealed, in contrast to a previous report9. Furthermore, the influence of graphene grain boundaries on crack propagation (initialized by bending) and termination was clearly visualized using our technique. Our approach can be used as a simple protocol for evaluating the grain boundaries of other two-dimensional layered structures, such as boron nitride and exfoliated clays.
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                    Figure 1: 
                        Observation of graphene grain boundaries (GGBs) after ultraviolet exposure under moisture-rich ambient conditions.
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Figure 2: 
                        Confocal Raman mapping of GGBs.
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Figure 3: 
                        Height profiles of various topological GGBs, and the oxidation mechanism.
                      [image: ]


Figure 4: 
                        The correlation between GGBs and sheet resistance.
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        Editorial Summary
Light microscopy reveals graphene grains
Monitoring the quality of large-area graphene associated with grain boundaries is an important aspect of graphene research. Until now, graphene grain boundaries have been observed at nanometre scales using sophisticated electron-microscopy techniques. Here, Young Hee Lee and colleagues describe a new method for the direct optical observation of the grain boundaries of large-area graphene grown on copper foil. Oxidation of the underlying copper foil, in which oxygen-containing radicals generated by ultraviolet irradiation diffuse selectively through defects at the graphene boundary, enlarges the substrate sufficiently for it to be to be observed by optical microscopy. The technique was applied to reveal the impact of grain boundaries on crack propagation through graphene, and on sheet resistance.
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