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S1. XPS and LEED characterizations

The XPS spectrum acquired in the O 1s region shows three components 

(Figure S1): the main peak located at 530.1 eV (light blue) corresponds to 

oxygen atoms bound to TiIV atoms in the TiO2 structure, and the peak at 531.0 

eV (violet) is attributed to oxygen bound to TiIII species. Finally, the peak 

evidenced at 532.4 eV (green filled) is due to small traces of H2O (or OH 

groups) on the surface of the TiO2 film.1 

Figure S1- XPS spectrum of TiO2/Cu in the O 1s region.
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Figure S2- LEED pattern that shows the quasi-hexagonal (QH) structure of 

the TiO2 film (white domains) on Cu(001) (surface unit cell marked with a red 

square). The LEED pattern presents two domains rotated by 30 degrees with 

respect to each other, that are marked with white cells. The domains have 

been evaluated with respect to the (1 × 1) unit cell of the Cu(001) surface 

(red square). The absence of other spots in the pattern confirms the exclusive 

presence of the QH structure. 
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Figure S3- XPS spectra in the Ti 2p region before (bottom panel) and after 

(top panel) deposition of Fe4SMe molecules on the TiO2/Cu surface.

Table S1- Semi-quantitative analysis of the TiIII and TiIV contributions to the 

Ti 2p region before and after deposition of Fe4SMe molecules on the TiO2/Cu 

surface.

TiO2-QH 1ML Fe4SMe on TiO2-QH

TiIV 89.5% 89.8%

TiIII 10.5% 10.2%
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TiIII10.5%

TiIII10.2%



S2. STM Characterization 

Figure S4  (a) STM image used for the estimation of the height and height 

distribution of Fe4SMe molecules on TiO2/Cu surface. (b) Height profile along 

the white line in panel (a). (c) Height distribution over the whole image in 

panel (a).

Figure S5 (a) Magnification of the STM images reported in Figure 2 and 

used to determine the lateral dimension of molecules. The green circle denotes 

a single molecule. (b) Height profile of a single molecule along the white line 

in panel (a); the red vertical lines mark the two bright dots found within 
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Fe4SMe molecules. (c) Lateral dimension of the Fe4SMe molecule from X-ray 

structure data.2

S3. XAS additional analyses

XAS has been also performed at the Ti L2,3 edges to confirm the QH structure 

of the TiO2 monolayer deposited on Cu (Figure S6). The L2,3 spectrum has 

four main peaks, as expected, at 458.5 and 460.1 eV for the L3 edge, and at 

463.8 and 466.1 eV for the L2 edge. The peaks result from the crystal field 

splitting of the 3d band into the t2g and eg bands.3–5 The signal shape and 

separation between t2g and eg peaks (about 1.6 eV at the L3 edge) are similar 

to those reported in the literature for a QH structure growth on a Ni(110) 

metal surface.6 This is a further confirmation that there are no other phases 

on the surface and that TiO2/Cu maintains the QH structure upon sublimation 

of the Fe4SMe molecules.
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Figure S6. XAS spectrum at the Ti L2,3 edge acquired after sublimation of 

the Fe4SMe molecules on the TiO2/Cu substrate. The spectrum was collected 

at a temperature of 220 mK with a magnetic field of 30 kOe at normal 

incidence. 

S4. LFM calculations 

Fe L2,3-edges XAS and XMCD spectra are analyzed by performing Ligand 

Field Multiplet (LFM) calculations using Quanty (http://www.quanty.org/).7 

The symmetry is approximated as C3v, following our previous work,8 with the 

crystal field parameters set as follows: 10Dq = 1.32, Dσ = 0, Dτ = 0.046 eV 

for the peripheral FeIII site, and 10Dq = 1.57, Dσ = 0, Dτ = -0.018 eV for the 

central FeIII site. Slater integrals are scaled by a factor of 0.6. For the FeII 
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ions, we employ simplified Oh environments with 10Dq crystal field parameters 

similar to those of the FeIII sites: 10Dq = 1.32 eV (Dσ = 0, Dτ = 0) for the 

peripheral FeII site and 10Dq = 1.57 eV (Dσ = 0, Dτ = 0) for the central FeII 

site. The central ion (“c”) is always coupled antiferromagnetically to the 

peripheral ones (“p”). The XAS and XMCD responses of the pristine Fe4 

molecule are then given by: 

Similar formulae hold for (partially) reduced Fe4 (reduced_Fe4). The spectra 

of Fe4 and reduced_Fe4 are then linearly combined to yield the overall 

spectrum of the ensemble (Fe4@TiO2), using the following formula which 

applies to both XAS and XMCD responses:

The relative amounts of Fe4 and reduced_Fe4 depend on the number of FeIII 

ions replaced by FeII ions (from two to four per molecule). By fitting the XAS 

signal we find the presence of 30% of FeII ions and 70% of FeIII ions. The 

XMCD signal is then fitted considering that only five different cases are 

compatible with the presence of 30% of FeII ions, namely:

Case 1) 40% (a = 0.6) of pristine Fe4 molecules and 60% of 

FeII
c+[FeII

p+2FeIII
p] molecules, 
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Case 2) 40% (a = 0.6) of pristine Fe4 molecules and 60% of 

FeIII
c+[2FeII

p+FeIII
p] molecules,

Case 3) 60% (a = 0.4) of pristine Fe4 molecules and 40% of 

FeII
c+[2FeII

p+FeIII
p] molecules, 

Case 4) 60% (a = 0.4) of pristine Fe4 molecules and 40% of FeIII
c+[3FeII

p] 

molecules,

Case 5) 70% (a = 0.3) of pristine Fe4 molecules and 30% of FeII
c+[3FeII

p] 

molecules. 

Figure S7 shows the different normalized calculations with comparison to the 

normalized experimental spectra (normalization relative to the maximum of 

the XAS at L3 edge).

The best fit is obtained for Case 5, i.e. 70% of pristine Fe4 molecules and 

30% of FeII
c+[3FeII

p] molecules. Obviously, one cannot exclude that a 

minority fraction of FeII ions is distributed according to Cases 1 to 4.
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Figure S7. Normalized experimental (orange line) and calculated (black 

line) XAS and XMCD. The LFM calculations are for a linear combination of 

pristine Fe4 molecules and (partially) reduced Fe4 molecules containing a 

variable number of FeII ions, namely two in Cases 1) and 2), three in Cases 

3) and 4), and four in Case 5). The relative amounts of pristine Fe4 and 

(partially) reduced Fe4 are given in the text above.
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Figure S8. Normalized calculated XAS and XMCD for 70% of pristine Fe4 

molecules and 30% of FeII
c+[3FeII

p] molecules (Case 5, black line), along with 

the individual contributions of FeII (orange line) and FeIII (green line).
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