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1. Bending modulus of graphene from DFT/optPBE-vdW

We have calculated the bending modulus D of graphene from the DFT energies (using
the optPBE-vdW functional) of three zigzag nanotubes of different sizes, with chiral
indices (14,0), (16,0) and (18,0). The variation of the energy (per C atom) of the

nanotubes with the radii is approximately given by the equation:

Ds
E(R) = E(o0) +m

where E (o) is the energy (per C atom) in the zero-curvature limit, and s is the surface
area per C atom in graphene. The bending modulus can be extracted from the plot
shown in Figure S1, and we obtain D=1.57 eV, in good agreement with the

experimental value of 1.7+£0.2 eV [1].
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Figure S1. Calculation of the bending modulus of graphene from the DFT energies of
nanotubes of different sizes.

2. Extrapolation of surface energies of closed edges

In order to extrapolate the surface energies (y) to an arbitrary number (nf) of concentric
folds (Figure 4d in the article), we assume that the strain energy en varies linearly with
the inverse of the square of the loop diameter, which corresponds to “opening distance”
(dn = (2n-1)d) of the fold. This is valid for the three points obtained from the DFT
simulations, as shown in Figure S, and is consistent with the observed variation of

strain energy in carbon nanotubes as a function of size.



1.2
1.2 —~
e 1.0
~
¥ y %li_ﬂ
<€ 1.0 =
~ 0.6
> 0.8 "y R’ = 0.99988
\qi/: 27 0.00 002 0.04  0.06 0.08 010
W

0 2 4 6 8 10 12 14 16 18

Figure S2. Variation of the strain energy with the loop diameter (“opening distance” d,).

We now write this dependence as:

&n —a+%

where .= 0.433 and B = 9.152 from the fitting of the DFT data (Figure S2). The surface energy

of the edge consisting of a periodic repetition of ns concentric folds can then be calculated as:

Ve = 2ned Z ( (2n — 1)2d2>
et Z (Zn— 12
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where:
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and ¢ = 0.2384. The validity of the approximate expression above is clear from Figure S3.
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Figure S3. Quasi-linear variation of function f(ns) with 1/ns.

Using these approximations, the expression for the surface energy is:

_o m?p B¢
©2d  16d3n;  2d3n?

an

which represents a second-order polynomial in 1/ns. We use this equation to extrapolate our
DFT-calculated surface energies to edges with higher numbers of concentric folds (Figure 4d

in the article).

3. Additional TEM images

Figure S4 shows additional TEM images of expanded edges in graphite exposed to electric
field.

Figure S5 illustrates the effect of intense electron irradiation, with an electron flux 10 - 20
times higher than what would normally be used for imaging. This was achieved by removing
the condenser aperture and focussing the beam on to the crystal. It can be seen that the structure
has been completely disrupted, with some evidence of curling of the graphitic planes. Such

disruption was never seen during normal imaging.



Figure S4. Additional TEM images of expanded edges in graphite exposed to electric

field.

Figure S5. TEM images illustrating the damaging effect of intense electron irradiation.

(a) Original structure; (b) Structure observed after exposure to the intense beam.
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