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Q1 Surface tension of graphene and graphene stacks

1. Surface tension of single layer graphene

We first calculate the interaction potential between 2 graphene layers. Consider 1 car-
bon atom on one side of the graphene layer:
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where z = dtan 0 is the radius in the other graphene plane, and r = d/cos6. Since
graphene has hexagonal unit cell with lattice parameter a, and two carbon atoms per

unit cell, we have: o = 2/(§a2). Replacing dz = d/ cos? 6d6, we have:
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Since the density on the first graphene layer is also o, and the surface tension is half the
absolute value of adhesion energy, we get the surface energy of graphene as:
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2. Adhesion energy of graphene stacks

Let’s first calculate the total potential of system (m, n). Since in part 1, we have seen
that the interaction between 2 sheets ¢(1,1) «x —dg*, the total potential is actually a
summation between stacked layers separated by &, hence
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The work of adhesion AW, z(m, n) is just —p(m, n):
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As can be seen from the equation, regardless of the layer numbers m and n, the work
of adhesion always has power law of dg*.
. Surface tension of graphite

With 6 = d,, one can further simplify the previous formula by factoring out the distance
dy. The surface tension of graphite is thus yg,, = %AWAB(oo, 00):
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which indicates that the surface tension of graphite is only sightly larger than single
layer graphene, due to the short-range feature of the vdW interaction.
. Estimation of B¢

Using Eq. [6] we get a value of 1.24x107% J-m®. or equivalently 7.75 eV-AS, for fcc.

. Energy to cleave n-layer graphene sheets

The energy required to cleave an n-layer graphene sheet corresponds to the work of
adhesion between the n-layer sheet and graphite. Thus, we can simply apply Eq.
by setting m to a large number (e. g. 1000) to emulate graphene and n to the sheet’s
number of layers.
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Figure 1: Work normalized by area AW, 5 required to cleave an n-layer graphene sheet from
graphite as a function of n.
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