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In this supplementary information we provide the total energy, band structure and
spin characterization of wide GNR with (3,1) edge obtained from ab-initio calculations
(1). We focus on the magnetization per atom, M, at the edges due to the edge-edge
interaction M=Ny,-Ngown, Where Nygown) is the number of electrons with spin
up(down) per atom. (2) We checked that the total magnetization of the ribbons
corresponds to the p, orbitals by 95%.

Ab-initio calculations were performed with hydrogen saturation. In the energy window
of experimental interest for this work, hydrogen saturation does not play any role,
because the sigma bonds formed are completely well up or down in energy. This is
why the 7 bands agree very satisfactorily with those obtained within the one-orbital
tight-binding approximation.

For the evaluation of electronic and magnetic properties of (3,1) GNRs we use unit
cells with several sizes, ranging from 60 atoms (W=1.7 nm) to 320 atoms (W=10 nm),
up to the limit of our computational capacity. Fig. Supp. 1 and Fig. Supp. 2 show the
band structure and magnetization of (3,1) ribbons for 1.7 nm and 10 nm widths,



respectively. In accordance with Ref (3) the number of zigzag atoms in the GNR (3,1)
minimal unit is 2. Therefore, the calculated total energy difference per zigzag edge
atom between spin-polarized and nonspin-polarized edge states is increased from 26
meV to 65 meV for widths from 1.7 nm to 10 nm, respectively, in good agreement with
other calculations (4). This indicates the tendency of wide ribbons to be spin-polarized.

On the other hand, the total energy difference per zigzag edge atom between AFM
and FM spin configurations is 13.5 meV (W=1.7 nm) and 0.35 meV (W=10 nm),
indicating that the two configurations are almost equally stable for the wider ribbon.
Moreover, the maximum magnetization of the edge atoms increases as the ribbon
width increases (M=0.16 pg and M=0.22 pg for W=1.7 nm and W=10 nm, respectively).
We interpret these results as a proof of magnetic decoupling between edge states for
wide ribbons. Therefore, their magnetic behavior is as that of isolated magnetic edge
states. Note that the atom resolved net spin-density appears around both edges and
closely following the LDOS of the one-edge terminated graphene shown by the tight-
binding calculations. We also point out the decrease of the gap energy in the AFM
configuration with the width increase, varying from 0.39 eV for the thin GNR to 0.13
eV for the 10 nm GNR.
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Figure Supp. 1: Band structure and magnetization per atom of the (3,1) GNR of 1.7 nm
width. The AFM (FM) configuration is shown in (a) and (d) ((b) and (c)).
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Figure Supp. 2: Band structure and magnetization per atom of the (3,1) GNR of 10 nm width.
The AFM (FM) configuration is shown in (a) and (d) ((b) and (c)).

In addition, we provide the band dispersion and the spatially-resolved DOS of semi-
infinite graphene sheets obtained with tight binding calculations. In particular, we
present the armchair-terminated edge which does not present any edge state at the
Fermi energy (Fig. Supp. 3 a), the zigzag terminated edge with one edge state at Fermi
energy from 2/3 I'X to X (Fig. Supp. 3 b, d) and the pure (3,1) edge that presents an
edge state from I to 2/3 I'X (see Figure Supp. 3 ¢, e).
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Figure Supp. 3: Band dispersion of armchair (a), zigzag (b) and pure (3,1) (c) semi-infinite
graphene. The real weight of DOS at Fermi level of zigzag and pure (3,1) semi-infinite is
represented in (d) and (e), respectively.

We provide data with minimal processing (only partial plane was applied to
topographic images to remove the overall tilt) to preclude any possible effect of
feedback in the current error maps presented in Fig. 2 of the main manuscript. All
images were obtained descending the tip from upper terraces to lower terraces.
Nevertheless the feedback loop forces the tip to perform a strong movement upwards
prior descending the Pt step. Feedback circuits compare the output of the current
amplifier with a reference voltage which represents the setpoint of the tunneling
current. The error signal is sent to the feedback circuit, which sends a voltage to the z
piezo: if the tunneling current is larger than the preset current, then the voltage
applied to the z piezo tends to withdraw the tip from the sample surface and vice
versa.” Given the scan direction the only possible effect of feedback loop settings
would be a broadening of the appearance of the lower step; never a sudden retraction
of the tip. Additionally, Fig. 4 of the main manuscript shows that for the same feedback
parameters the edge states can vanish if using voltage bias far above the Fermi level.
Similar reasoning applies for the heterogeneities appearing along the edge states. For
all these reasons we can affirm that feedback loop instabilities do not play any
significant role in our measurements.
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Figure Supp. 4: a) 50x50 nm?, -10 mV, 2 nA topography STM image corresponding to Fig. 2a.
The direction of scan is shown by an arrow. b) Simultaneously obtained current error map. c)
Topographic profile obtained along the white dashed line marked in (a) where the tip
retraction due to the presence of edge states appears in every step. d) Current profile obtained
along the white dashed line marked in (b). The 2nA setpoint is the baseline. The sharp current
spikes appear on the edge states.
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Figure Supp. 5: a) 10x10 nm?, -10 mV, 2 nA topography STM image corresponding to Fig. 2b.
The direction of scan is shown by an arrow. b) Simultaneously obtained current error map. c)
Topographic profile obtained along the white dashed line marked in (a) where the tip
retraction due to the presence of edge states appears as a protrusion. d) Current profile
obtained along the white dashed line marked in (b). The 2nA setpoint is the baseline. The sharp
current spikes appear on the edge state.



In order to further test any possible effect of the feedback circuit on our
measurements we present additional data of a region where different angles and step-
heights coexist. The STM topography presented in Fig. Supp. 6 a has been obtained
using the same feedback parameters than for the data presented in Fig. 2 and 4 in the
main text. The second terrace from the left presents a discontinuity across its full
width at an angle of approximately 60° respect the edges of the stripes. The
discontinuity runs parallel to one of the graphene high-symmetry crystallographic
directions indicating that the resulting graphene edge is, in first approximation, a pure
zigzag edge. In Fig. Supp. 6 b we present the simultaneously obtained current error
map. We have measured (see profile in Fig. Supp. 6) and marked accordingly the
height difference between terraces (ag= 2.27 A). In these images, graphene edges
finishing on top of single, double, and triple monoatomic Pt steps coexists. Fig. Supp. 6
¢ we have marked the regions of enhanced conductivity in orange on top of the
topographic image. These are the regions were the edge state is stronger. The edge
states obtained using this tunneling parameters form puddles along the edges of the
stripes leaving segments of several nanometers with normal conductance in between.
As one can notice, these regions are completely uncorrelated with the height
difference between terraces, indicating that feedback effects do not play any
significant role in our measurements. Very interestingly, the edge states are very
strong on the zigzag edge formed in the single-Pt-slab-high step (marked within the
pointed circle in Fig. Supp. 6 b), in agreement with theoretical results. The protrusion
in the topographic profile related to this edge state has been marked with a red arrow
in the profile presented in Fig. Supp. 6d.
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Fig. Supp. 6. a. STM topography obtained using the same feedback parameters as the ones
used for obtaining the images presented in the main text (30x30 nm2, Itunnel=1 nA, Vbias=
0.25V). b. Current error map obtained simultaneously. c¢. STM image where the regions of
enhanced conductivity are highlighted in orange. d. Profile obtained along the line marked in
“c” where difference step heights appear. The protrusion related to the edge state of the zigzag
region marked in “b” is highlighted by a red arrow.
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