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Abstract

Defect-free graphene sheets have been shown to exhibit superior mechanical properties: they are very
flexible, stiff, and strong [1]. Unfortunately mechanical cleavage of graphene is not a scalable technique,
and the current procedures to generate graphene in large amounts still do not yield high quality
crystalline graphene. For graphene produced by CVD and chemical reduction of graphene oxide their
stiffness and strength are significantly lower than that of pristine graphene [2, 3] and point toward a
strong dependence of mechanical properties with defect content in graphene. Unfortunately, the fact
that these defects are created during sample preparation in an uncontrolled manner hinders systematic
studies. Reliable structure-properties relationship can be obtained starting with a pristine graphene
sheet obtained by micro-exfoliation of natural graphite, and subsequently introducing a known quantity
of defects.

In this work we focus on the variation of mechanical properties of suspended graphene with a controlled
density of defects created by ion irradiation. Stiffness and strength are experimentally determined by
indentation experiments with an AFM probe on graphene drumheads. Counter intuitively, we find that
the stiffness of graphene increases with defect content up to a vacancy content of ~0.2%, where it
doubles its initial value. For higher density of vacancies the elastic modulus slowly decreases with
defects inclusion. The initial increase in stiffness can be explained in terms of a power law dependence
of the elastic coefficients with the momentum of flexural modes predicted for 2D membranes [4]. In
contrast to the elastic trend, the fracture strength decreases with defect density according to standard

fracture continuum models.
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