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Direct measurement of the adhesion energy of monolayer graphene using the DCB test. 

DCB fracture mechanics tests were performed using a micromechanical tester, as shown in Fig. 
S1. Specimens were inserted into the loading grips. The linear actuator with submicron resolution 20 

controlled the displacement of the specimen. The load was measured simultaneously to obtain a load-
displacement curve. 

We used heterogeneous beams; thus, the bending stiffness was different between the beams. To 

ensure symmetric beam deformation during the DCB tests, the bending stiffness should be as similar 

as possible. The dimensions and calculated bending stiffness values are provided in Table S1, where E’ 25 

is the plane strain modulus calculated from the Young’s modulus and Poisson’s ratio, I is the area 
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