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Figure S1. Adsorption energies and structures of three possible adsorption sites for a C6 ring on the Cu
(111) surface. Top and second layer Cu atoms are colored in orange and white, respectively. Differences
between adsorption energies are within 0.05eV/C from one another. The adsorption energies are calculated
by:

Esys — Ecusiap — NcEc
ne(=6)

Eqas =
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Figure S2. Diffusion of a C6 ring on the Cu (111) surface from fcc-hcp site to fec-top site obtained from
NEB DFT calculations. Initial (fcc-hcp), TS (transition state) and final (fcc-top) images are also depicted.
Top and second layer Cu atoms are colored in orange and white, respectively. Energy barrier for forward
and reverse reactions are 0.46 eV and 0.18 eV, respectively.
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Figure S3. Diffusion of a C6 ring on the Cu (111) surface from fcc-hcp site to hep-top site obtained from
NEB DFT calculations. Initial (fcc-hep), TS (transition state) and final (hcp-top) images are also depicted.
Top and second layer Cu atoms are colored in orange and white, respectively. Energy barrier for forward
and reverse reactions are 0.45 eV and 0.15 eV, respectively.
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Figure S4. 4 different orientations (0°, 10°, 20° and 30°) of Top) a graphene island consisting of 3 hexagonal rings and bottom) a
graphene sheet, with respect to the underlying Cu (111) lattice. Unlike the top images, Moir¢ patterns are clearly visible in the bottom
images.
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Figure S5. Rotation of a graphene fragment on the Cu (111) surface upon geometry optimization of initial

clockwise rotation.

with the Cu lattice. Negative values correspond to anti-

alignments of 0° to 60°
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Figure S6. Adsorption energies per C atom referring to the graphene fragment on the Cu (111) with initial
alignments of 0° to 60° with the Cu lattice. Differences in adsorption energies are within 0.1eV/C from one
another. The adsorption energies are calculated by:

E = Esys — Ecusiap — ncEc
ads ne(=13)
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purple at Ops. The final orientation is shown at 10ps and is zero. The solid and dashed red lines follow the

depicted every 1ps time. The initial orientation (24°) of the fragment with respect to Cu lattice is shown in
rotation of the fragment about its own axis. Negative values correspond to anti-clockwise rotation.

Figure S7. Evolution of a lone graphene fragment adsorbed on the Cu (111) surface at 1200K. Results are
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Figure S8. Evolution of a lone graphene fragment adsorbed on the Cu (111) surface at 900K. Results are
depicted every 1ps time. The initial orientation (24°) of the fragment with respect to Cu lattice is shown
in purple at Ops. The final orientation is shown at 10ps and is 32°. The solid and dashed red lines follow
the rotation of the fragment about its own axis. Negative values correspond to anti-clockwise rotation.
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Figure S9. Evolution of a pair of graphene fragments adsorbed on the Cu (111) surface at 1200K. Results
are depicted every 1ps time. The initial orientation (24°) of the fragment with respect to Cu lattice is
shown in purple at Ops. The final orientations are shown at 10ps and are 26° for the left fragment and 20°
for the right. The solid and dashed red lines follow the rotation of the fragment about its own axis.
Negative values correspond to anti-clockwise rotation.
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Figure S10. Evolution of a pair of graphene fragments adsorbed on the Cu (111) surface at 900K. Results

are depicted every 1ps time. The initial orientation (24°) of the fragment with respect to Cu lattice is

shown in purple at Ops. The final orientations are shown at 10ps and are 35° for the left fragment and 4°

for the right. The solid and dashed red lines follow the rotation of the fragment about its own axis.

Negative values correspond to anti-clockwise rotation.



Figure S11. Evolution of a pair of close-proximity graphene fragments adsorbed on the Cu (111) surface
at 1200K. Results are depicted every 1ps time. The initial orientation (24°) of the fragment with respect
to Cu lattice is shown in purple at Ops. The final orientations are shown at 10ps and are zero for both
fragments. The solid and dashed red lines follow the rotation of the fragment about its own axis. Negative
values correspond to anti-clockwise rotation.



Figure S12. Evolution of a pair of close-proximity graphene fragments adsorbed on the Cu (111) surface
at 900K. Results are depicted every 1ps time. The initial orientation (24°) of the fragment with respect to
Cu lattice is shown in purple at Ops. The final orientations are shown at 10ps and are 15° for left fragment

and 10° for the right. The solid and dashed red lines follow the rotation of the fragment about its own

clockwise rotation.

axis. Negative values correspond to anti



eleleieieel

L ‘atatatatatats

Ops 5ps 10ps

Figure S13. Surface reconstruction of the Cu slab in the presence of a graphene fragment taken
from 5ps and 10ps of AIMD simulations performed at 1200K. Light green atoms depict surface Cu
atoms.
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Figure S14. Surface reconstruction of the Cu slab in the presence of a graphene fragment taken
from 5ps and 10ps of AIMD simulations performed at 900K. Light green atoms depict surface Cu
atoms.
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Figure S15. Surface reconstruction of the Cu slab in the presence of a pair of graphene fragments
taken from Sps and 10ps AIMD simulations performed at 1200K. Light green atoms depict surface
Cu atoms.
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Figure S16. Surface reconstruction of the Cu slab in the presence of a pair of graphene fragments
taken from Sps and 10ps AIMD simulations performed at 900K. Light green atoms depict surface

Figure S17. Surface reconstruction of the Cu slab in the presence of a pair of close-proximity
graphene fragments taken from 5ps and 10ps of AIMD simulations performed at 1200K. Light green
atoms depict surface Cu atoms.
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Figure S18. Surface reconstruction of the Cu slab in the presence of a pair of close-proximity
graphene fragments taken from Sps and 10ps of AIMD simulations performed at 900K. Light green
atoms depict surface Cu atoms.



