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DFT calculation of TbPc; on top-bridge stacked graphene/Ni(111) substrates
The results presented in the main text for the top-fcc stacking of graphene/Ni(111) hold also in the

case of top-bridge stacking, and a similar difference of tens of meV between the AFM and FM

Figure S1: Side (left panel) and top (right panel) view of the spin-polarized charge density isosurfaces of
TbPc, molecule adsorbed on top-bridge stacked graphene/Ni(111); blue (red) color stands for spin up (down)
spin-polarization, relative to the positive (up) Ni magnetization.



coupling of the radical with the Ni slab is observed. In Figures S1 and S2 the spin density at the
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Figure S2: Spin-polarized LDOS of TbPc, on graphene/Ni(111) in the top-bridge stacking for the ground
state configuration. (a) 4/ and 5d states of Tb of TbPc2; (b) the projections on the 2p orbitals of the nearest-
neighbours to the Tb ion, N and C atoms, enlarged atoms in the sketch of Fig. 5 in main article; (c) 3d.”
states of the first layer of Ni and 2p. states of C equivalent atoms in the bridge-top configuration. The d
states of the Ni layer are plotted in orange, while graphene C p, states are in red. In each panel, the upper
(lower) side is relative to the majority (minority) spin channel. The DOS of d-character in panels (a) has
been enhanced for better comparison.

molecule-substrate interface region and the LDOS are presented, respectively.

Implementation of the spin model Hamiltonian for the multi-domain magnetic structure of Ni
single crystal

Differently from Ref. S1, where Ni films were deposited either on Cu(100) or Ag(100), our choice
to use a Ni(111) single crystal presses us to devise a model which takes into account the multi-
domain magnetic structure of the substrate.

We approximate the total Ni magnetization to be given by the sum of the magnetizations of two
different type of domains, in which the Ni spins are either fully aligned along (“up” domains) or

opposite to (“dn” domains) the applied external magnetic field.



Within each domain the magnetization is constant, and set either to +1 or -1. In absence of the
external field, the abundance of each kind of domains balances out, and the net Ni magnetization is
zero. When a magnetic field is applied, there is an unbalance between the two kind of domains, the
ones aligned towards the external field increase in number and size, up to when the macroscopic
saturation field is reached and only one type of domain exists, i.e. the Ni magnetization reaches its
maximum value. Since the size of magnetic domains is usually much larger then the size of a single
molecule, we suppose each molecule to be adsorbed on top of a graphene region, which, in turn, is
on top of either one of the two types of Ni domains, and the molecule(radical)-Ni coupling being
well approximated by an effective isotropic exchange term.

Following the above assumptions, Equation 1 in the text could be split and rewritten as
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where the (+) or (-) sing in the last term depends on whether the molecule is adsorbed on an “up” or
“dn” type domain, i.e. the magnetization of each Ni domain has been set either to +1 or -1.

The two Hamiltonians are then solved independently in the usual way, obtaining eigenvalues and
eigenvectors, and calculating the operators’ expectation values separately, performing the usual
statistical sum over the states populated at a specific temperature.

In this way, the equilibrium Tb magnetizations, at that temperature, of a molecule on top of the
“up” and “dn” domains, i.e. Mﬂi (B) and MI?(B) are obtained independently from each other.
Finally, we use the experimental Ni magnetization curve as a function of the external field to

calculate the relative weights of the two magnetizations, i.e. w,,;, and wy,, at each applied field B,

wap(B) = [1+ Myi(B)] /2 “
wan(B) = [1 — Myi(B)] /2
and use them to recover the total Tb magnetization M75(B), as the weighted sum of the

magnetizations extracted by Egs. S1, i.e.
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Approximated spin-model Hamiltonian following CASSCF calculations

The Hamiltonian in Eq. 1 in the main text acts in the space of the J=6 spin-orbit multiplet of Tb*"
coupled to the s=1/2 of the radical. The CASSCF calculations predict a degenerate |M,=+6>
ground doublet, separated by about 300 cm” from the excited states, so that an appropriate reduced
Hilbert space to model the magnetization consists of the four states |M,;= £6> |m,=+1/2>.

The Hamiltonian reduces in this space to

Hup - excthszAz + /uLBg.]B COS sz
+ (2upB + K)(cos ©8§, + sin ©8,,)

S4
Hdn — excthJzSAz + NBg.]B COS 6(]2

+ (2uB — K)(cos ©8, + sin ©8§,,)

with g;=3/2 and gs=1/2.

We have assumed the magnetic field in the xz plane, at an angle 6 with the z axis. To obtain the
magnetization of Tb along the direction of the applied field we calculate the thermal average of
J.cosf for both Hamiltonians separately, and then take the weighted average according to Eq. S3
above. Finally a proportionality factor is applied to account for the arbitrary units of the XMCD

signal.

XPS characterization of the TbPc; film

We have investigated the chemical composition of the TbPc, molecules deposited on the
graphene/Ni(111) surface by means of X-ray photoemission spectroscopy (XPS). Figure S3 shows
the core levels of the TbPc,/graphene/Ni(111) system for two different molecular coverage.

Core level intensities have been analyzed taking into account the atomic sensitivity and the
attenuation of the electronic signals. The N-1s/Tb-3d = 1845 ratio is well reproducible and close to
the expected one, i.e. 16, indicating that the molecular stoichiometry is preserved during the
sublimation process. From the Tb-3d/Ni-2p ratio and by taking into account the Ni signal
attenuation due to the graphene overlayer, we obtained the average area occupied by one TbPc,

molecule. Considering an area of ~2 nm? for each molecule and assuming that the coverage is made



by molecules all lying flat on the surface, a thickness of 0.4-0.6 ML for the TbPc; film is derived, in

agreement with the estimation made using the quartz microbalance.
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Figure S3: XPS core levels for the TbPc, deposited by sublimation on the graphene/Ni(111) surface for two
different coverages (0.5ML and 1ML).
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Figure S4: X-ray linear dichroism at the (left) N K edge and (right) Tb M5 edge.

X-ray Linear Dichroism characterization of the ThPc; film

In Fig. S4 we present the X-ray Linear Dichroism (XLD) on the N K and Tb M, s edges which are

S2,83,54 S5,86

and metal-Pc were

found in agreement with what reported in previous works where TbPc,
deposited on substrates, showing that the TbPc, molecules are flat on the substrate, with the Pc

plane parallel to the surface.



XAS and XMCD spectra and magnetization cycle of the Ni(111) substrate
In Fig. S5 we show the XAS and XMCD spectra for the Ni L, 3 edge in the TbPc,/graphene/Ni(111)
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Figure S5: XAS and XMCD spectra for the Ni L, ; edge with an external field of 4T.
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Figure S6: XMCD magnetization for the Ni(111) substrate taken at 6=0°. The magnetization is saturated for
magnetic fields higher than +0.5 T.

system taken with an external applied field of 4 T. The Ni signal is found to be isotropic. In Fig. S6
the XMCD magnetization for the Ni(111) substrate taken at 6=0° is displayed.
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