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S1. NEXAFS spectra at the N 1s edge

The NEXAFS spectra computed at the N 1s edge for the gas phase pyridine, pyridine on graphene
and pyridine radical on graphene are shown in Figure S1. The information regarding the molecular
orientation can be extracted NEXAFS spectra by the direction of polarization of the incoming x-ray
and has been discussed in detail in the main for the C 1s edge. Here we would like to point out that
core level excitation at the N 1s edge does not significantly alter the NEXAFS spectra of the molecule.

S2. Core level shifts (CLS)

The core level shifts for the two adsorption configurations have discussed in detail in the main
paper. Here we expand the figures reported in the main text to show the CLS values corresponding
to each atom with respect to graphene and the molecule. Figure S2 and Figure S3 show each one
two views of physisorbed pyridine/graphene, including at the appropriate atomic positions the CLS
calculated for each atom with respect to the C 1s edge of graphene (Figure S2) and the molecule (Figure
S3). The CLS with respect to the C 1s edge of graphene and the molecule for the chemisorbed pyridine
radical/graphene case are analogously shown in Figure S4 and Figure S5, respectively.

S3. Partial core-level occupation for a neutral system

In the main text, we discuss a system which is a final state of a photoemission experiment. Upon
core-excitation we consider that the core electron is completely removed to a vacuum state and the
system is left positively charged. Another possible final state is that created by X-ray absorption at a
photon energy corresponding to the 1s→LUMO transition or when a substrate electron neutralizes the
molecule after photoemission. In such a case the system is globally neutral. This has been studied in
detail in [1] to explore the possible effects of magnetism which is induced to the system depending on
the adsorption character. Here we explore this further by considering a gradual increase of the core
hole charge q taking as an example the N atom, and track the electronic properties, screening charges,
and magnetism as a function of q.

In the physisorbed pyridine/graphene case, as discussed in the main of this paper and studied
in [1], in the ground state, the system is non-magnetic and the Dirac cone is still preserved. In the
left column of Figure S6, we plot the total DOS, its projections on the molecule and graphene (with a
Gaussian smearing of 0.013 eV) for a gradual increase of the core hole magnitude q.

We observe that as we increase q (which implies a gradual removal of the core electron and the
creation of a core hole), The molecular orbitals shift to lower energy values in order to screen the
positive core. But until q ∼ 0.5 screening is operated by graphene only and a non-magnetic solution
(with a magnetic moment of no more than 0.02 µB) is found. But for higher values of q, the molecular
LUMO shifts below the Fermi level and results in spin-polarized solutions. For q = 0.6, the system
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magnetic moment is still relatively small with 0.16 µB. Whereas for a full core hole case (q = 1.0), the
system reaches a magnetic solution with a total magnetic moment of 0.8µB.

In the chemisorbed case of pyridine radical on graphene, the system is magnetic in the ground
state with spin-dependent midgap states contributed by graphene [2,3]. In the right column of Figure
S6, we plot the DOS of the chemisorbed case for different values of q. For values of q < 0.6, the LUMO
shifts steadily to lower energies but is still above the Fermi level. When q = 0.8, the LUMO splits into
spin polarized components and the spin up LUMO begins hybridization with the spin up midgap
state of graphene. The spin down LUMO is still uncoupled from the midgap state. For a full core case
(q = 1.0), both the spin components of LUMO hybridize with the midgap states of graphene and the
calculation reaches a non-magnetic solution.

The charge on the molecule and graphene along the two spin components for pyridine/graphene
and pyridine radical/graphene is plotted in Figure S7. Variations in this quantity allow us to identify
charge displacements towards the excitation region that occur in order to screen the core hole. The total
magnetic moment for the physisorbed pyridine/graphene and chemisorbed pyridine radical/graphene
can be deduced as the difference in the spin-up and spin-down charges and is plotted in Figure S8.
In Figure S7 (a) and (c) we see that the system is non magnetic and the charge along the two spin
components are similar for q < 0.5 and that charge displacements mostly involve graphene. As the
core charge increases further, the charges along the spin components on the molecule split whereas the
graphene ones remain similar to each other. This is in correlation with the magnetic moment which is
induced on the molecule after q = 0.5 as seen in the left column of Figure S6. For the chemisorbed
case as shown in Figure S7 (b) and (d), initially the spin components on graphene are split due to
the midgap states of graphene. The molecular spin components are relatively similar. As q increases
we see that the charges along the two spin components converge to the same value. An interesting
behavior occurs for q = 0.8: there, the spin up LUMO begins hybridizing with the spin-up midgap
state, there is a magnetic moment induced on the molecule (as seen in the right column of Figure
S6) and this can be visualized here as an enhanced splitting of the spin-up and spin-down charges,
whereas the total charge on the molecule which follows a continuous trend as a function of q. But
the system reaches a non-magnetic solution as the hybridization of the LUMO and midgap states
continues for higher values of core charge.
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Figure S1. NEXAFS spectra at the N 1s edge showing the contribution for different electric polarizations
for (a) gas phase pyridine molecule, (b) pyridine/graphene, and (c) pyridine radical/graphene.
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Figure S2. (a) Perspective view and (b) top view of pyridine/graphene showing the CLS with respect
to C 1s edge in graphene. Tics on the axes mark atomic coordinates in Å.
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Figure S3. (a) Perspective view and (b) top view of pyridine/graphene showing the CLS with respect
to C 1s edge in the molecule. Tics on the axes mark atomic coordinates in Å.
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Figure S4. (a) Perspective view and (b) top view of pyridine radical/graphene showing the CLS with
respect to C 1s edge in graphene. Tics on the axes mark atomic coordinates in Å.
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Figure S5. (a) Perspective view and (b) top view of pyridine radical/graphene showing the CLS with
respect to C 1s edge in the molecule. Tics on the axes mark atomic coordinates in Å.
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Figure S6. The left column plots the total DOS, projections on the molecule and on graphene for
different core hole magnitudes (q) of the physisorbed pyridine/graphene case. The right column is the
same for pyridine radical/graphene case.
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Figure S7. The spin up and spin down charges on the (a) molecule and (c) graphene for the physisorbed
pyridine/graphene case. (b-d) are the same for the chemisorbed pyridine radical/graphene case.
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Figure S8. The total magnetic moment of the system for the N 1s excitation for different partial core
charges for pyridine/graphene and pyridine radical/graphene cases is shown.
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