A strategy to achieve perfect alignment of graphene domains on Cu(111) surface
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2][image: ] Large single-crystalline graphene wafers are highly desired for realizing many of graphene’s potential applications with the optimal performance.[1] However, the synthesis of wafer-scale single-crystalline graphene has been a great challenge in chemical vapor deposition (CVD) growth due to the nucleation of numerous graphene domains on the supported substrate. One possible way to achieve the growth of single-crystalline graphene with a large area is to align graphene domains on the catalytic substrate, which has been achieved on Ge(110) surface through edge-epitaxial growth.[2,3] Cu(111) surface was proposed to be an ideal substrate to grow single-crystalline graphene through epitaxial growth because it has the same symmetry as that of graphene. However, graphene monolayers grown on most of the single-crystalline Cu(111) surface were found to be polycrystalline with numerous grain boundaries, [4,5] which has been a long puzzling in the graphene growth field. In this work, based on physical model and first principles theoretical calculations, we found that graphene domains with small size always have misorientation angles in relative to the underlying Cu(111) substrate because the vertexes of the graphene domain have preferred binding orientation with the Cu(111) substrate. For example, the misorientation angle between C24 and the Cu(111) surface is 10.9°, where C atoms on the vertices of C24 bind with Cu atoms along [-110] orientation, as shown by the inserts of the right figure. With the increase of graphene domain size, the misorientation angle becomes smaller, as shown in the figure. Our theoretical calculations demonstrate that the perfect alignment of graphene domains on Cu(111) substrate can be only achieved with large graphene domains or low nucleation density of graphene.
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