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Introduction

The recent search for topological superconductivity 1 prompted intense eorts to study the basic coupling between magnetic impurities and superconducting materials. 25 Recently, it has been shown that this coupling strongly depends on the dimensionality of the superconductor 6 and that 2D materials might be much more promising than 3D ones for such purpose.

79 In this regard, metallic monolayers of either Pb or In epitaxially grown on semi- conducting substrates constitute a very interesting class of systems.

1012 Moreover, coupling these 2D materials with arrays of metallo-organic molecules, e.g. metal-phthalocyanines (MPcs), seems an appealing way to realize hybrid magnetic/superconducting systems.

One of the advantages of using MPcs is the possibility of tailoring the molecule-substrate coupling by selecting the most appropriate metallic atom M to coordinate within the molecular structure. 13 For this reason the interaction of MPcs with dierent substrates has been extensively investigated.

1419 Interestingly, the set of these studies reveals that, in addition to the coordinated atom M, the substrate also plays a crucial role in balancing the relative emphasize the rich and new behavior of hybrid organic/metal systems emerging when the dimensionality of the metallic substrate is reduced. In particular, this could enable a new way of tuning the coupling between magnetic molecules and a 2D superconductor, with the aim of stabilizing well-dened magnetic ordering of the molecular array.

Results and discussion

Experimental results

The adsorption of MnPc molecules on Pb monolayers was carried out after proper preparation of the substrate. Single atomic layers of lead were obtained by rst depositing 1.65 monolayer (ML) of Pb on top of a freshly annealed Si(111) surface with 7 × 7 reconstruction. Then, the sample was annealed at about 600 K for a few minutes. Finally, the crystalline quality of the Pb/Si(111) surface was checked with both STM and LEED (see Methods section for details).

Figure 1a shows STM and LEED results of the 3033 Accordingly, the complex LEED pattern of Figure 1a is due to the overlap of the diraction spots arising from the Si(111)-1 × 1 substrate and the three √ 7 × √ 3-Pb domains (one of them is highlighted by the purple arrows). [START_REF] Stepanovsky | The Dense α-√ 3 × √ 3Pb/Si(111) Phase: A Comprehensive STM and SPA-LEED Study of Ordering, Phase Transitions and Interactions[END_REF][START_REF] Ganz | Growth and Morphology of Pb on Si( 111)[END_REF][START_REF] Choi | High-Resolution Core-Level Photoemission Study of Dense Pb Overlayers on Si(111)[END_REF] The STM image of gure 1a shows only one of these 
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b) SIC c) MnPcs-induced SIC a) √7×√3-Pb [START_REF] Horikoshi | Structural Phase Transitions of Pbadsorbed Si(111) Surfaces at Low Temperatures[END_REF][START_REF] Stepanovsky | The Dense α-√ 3 × √ 3Pb/Si(111) Phase: A Comprehensive STM and SPA-LEED Study of Ordering, Phase Transitions and Interactions[END_REF]3740 According to this, the LEED pattern of Figure 1b shows the image (V T =+0.5 V and I T =50 pA) in (e) shows MnPcs self-assembled in a trimer. The relative orientation of a timer with respect to the substrate is depicted in the drawing (f ).

√ 3 × √ 3-
All STM images were acquired at 77 K at which temperature tip induced molecular motion exists.

spectively. A clear MnPcs-induced SIC reconstruction is observed in both cases. Moreover, one sees that isolated molecules and self-assembled trimers are the most common congurations observed at low molecular densities. Remarkably, this self-assembly behavior of MnPc molecules on the Pb monolayer seem to be independent of the substrate temperature in the range 100 < T < 300 K. This observation suggests that molecules do diuse during adsorption and that their nal conformations are not limited by diusion barriers. Our study also reveals that, at low molecular coverage, MnPcs do not self-assemble to form extended long-range ordered molecular arrays on Pb/Si(111) monolayers. This is in contrast to the spontaneous assembly of squared lattices of MnPcs usually observed on Pb thin lms or bulk monocrystals.

1419,43 Moreover, to our knowledge, trimer arrangement of MnPcs has not been previously reported.

1416,18,19 Furthermore, in contrast to what has been previously reported in the case of C 60 molecules deposited on the Pb/Si(111) monolayer, [START_REF] Matetskiy | Structural Transformations in Pb/Si(111) Phases Induced by C 60 Adsorption[END_REF] MnPc molecules lie on defect-free regions.

Not only do the molecules remain isolated or arranged in trimers, but they present precise orientations with respect to the substrate. Similar molecular organization was also found on the pristine SIC surface. Figure 3 shows ∼1.3 molecules/100 nm 2 of MnPcs deposited on the SIC phase kept at room temperature.

Here the SIC surface structure is not aected by MnPcs adsorption. However, MnPcs retain the same self-assembly properties than the ones observed on the MnPcs-induced SIC phase, that is single MnPcs and self-assembled trimers are the only molecular congurations observed on the Pb monolayer surface (see inset of gure 3) and their arrangement reects the threefold symmetry of the Pb substrate. 

Computational results

To elucidate the details of the macroscopic 5053 However, after adsorption on the Adsorption of MnPcs on Pb: 3D vs 2D substrate

√ 7× √ 3-
In order to get more insight on the link between substrate dimensionality and moleculesubstrate coupling strength, we compare below our results with those already reported for adsorption of MPc molecules on 3D substrates. Adsorption of MnPcs on Pb(111) has already been extensively investigated. However, none of these studies has ever reported anything similar to what we observed on the Pb monolayer.

MnPcs deposited on Pb(111) self-assemble in close-packed square lattices even at submonolayer coverage suggesting that their self-assembly is essentially driven by the moleculemolecule interaction as well as the fourfold symmetry of the molecules themselves.

1416,43

The weak molecule-substrate coupling manifests itself by the emergence of dierent superstructures superimposed on the square lattice of MnPcs. At present dierent computational approaches exist to describe the adsorption of a MnPc molecule on bulk Pb(111).

5053 All studies agree that the MnPc molecule in the gas phase has an electronic conguration that gives rise to a total spin S=3/2. After adsorption on Pb(111), the magnetic orbital the most strongly hybridized with the substrate is the Mn d z 2

and any charge transfer always occurs from the Pb(111) substrate to the MnPc molecule.

This is in agreement with our ndings. Then, depending on the microscopic details included in the model, e.g. electron correlations or hybridization, dierent predictions on the charge transfer and magnetic state of MnPcs after adsorption come out. In agreement with their new STS results, Minamitani et al.

53 reported about a collective magnetic state delocalized on the organic ligand and not localized only on the central Mn atom. According to this, they have shown that after adsorption on Pb(111) the total molecular spin decreases from S=3/2 to S=1 due to a charge transfer of 2.33 electrons essentially localized on the organic ligand and a small contribution of the Mn atom with 0.1 electrons. Our DFT analysis agrees with this result and reveals that the magnetism arising from the d z 2 orbital survives after adsorption of MnPcs on the √ 7 × √ 3-Pb monolayer despite its strong hybridization with the substrate while the magnetism arising from d xz /d yz orbitals (that are coupled to the organic ligands) is suppressed by the charge transfer. This result is dierent from those reported by previous studies in which the total spin reduction to S=1 or even S=1/2 was interpreted as an interaction with substrate/ligands strictly localized on the magnetic Mn atom and not involving organic ligands. However, the molecular-induced surface reconstruction of Au(111) occurs at a molecular coverage of 1 ML. This is in striking contrast with our experiment in which we observed a long-range surface reconstruction of Pb monolayer driven by a dilute amount of MnPcs. We believe that this long-range eect relies on the fact that the Pb monolayer is a particular type of strained surface. Indeed, it was shown that long-range repulsive interactions within the Pb monolayer are responsible for the emergence of a huge number of structural phases.

59

These repulsive interactions are also responsible for macroscopic rearrangement of phases with dierent symmetries when the Pb coverage is slightly changed. This fact suggests that a local perturbation (even small) of the Pb monolayer may actually be felt on macroscopic distances through variations of the surface strain inside the system.

Another important eect that is well known to occur in proximity of an adsorbed molecule is the charge transfer which induces a redistribution of the surface electrons within the substrate.

58,60,61 A direct consequence of this electronic reorganization is a variation of both surface strain and local atomic arrangement at the molecule-substrate interface. Interest-ingly, our DFT calculations show that a strong charge transfer takes place from the Pb monolayer to the MnPc molecule. Furthermore, our charge density maps reveal that the transferred charge is mostly accumulated at the Mn-Pb interface (see gure S2 in supporting information).

Taking into account the various features of our surface system we tentatively propose a mechanism behind the macroscopic phase transition of the Pb monolayer induced by MnPcs adsorption. We believe that the charge transfer between Pb and MnPcs may act as local perturbations that aect the surface strain of the whole system and initiate the structural transformation. The We have also shown that there exists intrinsic dierences between the electronic/structural properties of the Pb monolayer and those of thicker Pb substrates that might be ascribed to the participation of the Pb/Si(111) interface in the molecule-substrate interaction. In particular, a dierent self-assemblying behavior as well as a dierent electronic/magnetic state of individual MnPcs was found in the present study. This interesting result opens up the possibility of using the substrate dimensionality to tune the molecule-substrate coupling as well as the electronic and magnetic properties of organic hybrid systems.

Our results can have a strong impact in the search for organized magnetic nanostructures on superconductors. In particular, the rich and new behavior of hybrid organic/metal systems occurring when the dimensionality of the metal substrate is reduced enables a new way of tuning the coupling between single and assembled magnetic molecules and a 2D superconductor. This could be important for research aiming to stabilizing magnetic order in metal-organic systems.

Methods

Sample preparation

All the experiments were carried out in Ultra-High Vacuum (UHV) with a base pressure bet- 
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 7373737373 strength of the molecule-molecule and molecule-substrate interaction. As an example, it has recently been shown that MPcs deposited on the √ In phase of the In/Si(111) bilayer form closely packed square lattices 19 indicating the prevalence of the molecule-molecule inter- action. As small as it is, the molecule-substrate interaction remains non-negligible since the critical superconducting temperature (T C ) of the In bilayer increases or decreases according to the particular MPc (M=Mn or Cu) deposited on the surface. If self-assembly of MPcs on the In bilayer results in square lattices, the adsorption of molecules that interact more strongly with the substrate might lead to very dierent behavior of the hybrid system. For instance, the deposition of 7,7,8,8-tetracyanoquinodimethane (TCNQ) molecules on top of the √ 7 × √ 3-In/Si(111) bilayer leads to the formation of a surface metal-organic network (SMON) with inclusion of In atoms extracted from the underlying metallic substrate. 20 Simultaneously, the metallic area surrounding the SMON undergoes a surface reconstruction from the √ In phase to a novel 5 × 5-In phase as a consequence of the local decrease in In coverage. Surface reconstruction of a 2D metallic system induced by molecular adsorption was also reported by Matetskiy et al. 21 In that study, C 60 molecules were deposited on top of the √ Pb phase of the Pb/Si(111) monolayer. Self-assembly of disordered C 60 islands was accompanied by the expulsion of Pb atoms from the monolayer allowing the molecular domains to be incorporated within the layer. Expelled Pb atoms were subsequently reintegrated in the regions surrounding the C 60 islands by increasing the local Pb coverage thus leading to a structural phase transition of the Pb surface from the √ Pb to the denser hexagonal incommensurate HIC phase. Here, we report on a combined Scanning Tunneling Microscopy (STM), Low Energy Electron Diraction (LEED) and Density Functional Theory (DFT) study on the properties of crystalline Pb monolayers grown on Si(111) in presence of minute concentrations of manganese phthalocyanines (MnPcs). We present a new structural phase transition of the Pb/Si(111) monolayer, from the √ 7× √ 3-Pb/Si(111) to the Striped Incommensurate (SIC) phase, taking place upon adsorption of ∼0.18 molecules/100 nm 2 of MnPcs. In contrast to previous studies on similar systems, we found that the surface reconstruction mechanism does not imply the expulsion/reintegration of Pb atoms close to the molecules but is rather related to the strong local molecule-substrate interaction. The structural transition is ultimately promoted by the strained nature of the Pb phases and the energetic stability of the MnPc/SIC-Pb/Si(111) system compared to the MnPc/ √ Pb/Si(111). Moreover, LEED measurements reveal that ∼0.18 molecules/100 nm 2 of MnPcs are already able to nucleate the new phase. This molecule-induced surface reconstruction as well as the observation of a frustrated molecular self-assembly reecting the threefold symmetry of the substrate reveal an enhanced moleculesubstrate coupling stronger than what is known on bulk or ultrathin Pb substrates. This is corroborated by our DFT calculations showing that the Pb/Si(111) interface plays a crucial role in determining the molecule-substrate coupling strength as well as the physical properties of the system such as the magnetic state of the MnPc molecules. Ultimately, our results
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 33 Pb domains and reveals the typical periodic arrangement of Pb atoms in straight lines. Pb unit cell contains 6 Pb atoms per 5 Si atoms corresponding to a Pb coverage of 6 5 ML=1.2 ML.

Figure 1 : 3 -× √ 3 -

 133 Figure 1: (a) and (b) show STM images (top) and LEED patterns (bottom) of a Pb/Si(111) monolayer prepared in the √ 7× √ 3-Pb and SIC phase respectively. (c) shows the STM image (top) and the LEED pattern (bottom) of the SIC reconstruction induced by adsorption of ∼0.18 molecules/100 nm 2 of MnPcs on the Pb monolayer initially prepared in the √ 7 × √ 3-Pb phase (substrate kept at room temperature during MnPcs deposition). All STM images were measured at 77 K over a 50×50 nm 2 area: (a) V T =+1 V / I T =20 pA, (b) V T =-50 mV / I T =80 pA and (c) V T =+0.1 V / I T =40 pA. Corresponding LEED patterns recorded at E∼80 eV and (a) 100 K (b) 300 K (c) 100 K.
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 373273 Figure 2: 46×46 nm 2 STM images in (a) and (b) (V T =+0.3 V and I T =20 pA and V T =+0.4 V and I T =80 pA respectively) show ∼0.7 molecules/100 nm 2 and ∼4.6 molecules/100 nm 2 of MnPcs respectively adsorbed on the MnPcs-induced SIC surface. MnPcs were deposited on the √ 7 × √ 3-Pb surface kept at approximately 150 K. The 5×5 nm 2 high-resolution STM image (V T =+0.4 V and I T =80 pA) in (c) shows a single MnPc molecule corresponding to the conguration I in the sketch (d). The schematic drawing in (d), deduced from the experimental data, represents the three adsorption orientations of single MnPcs with respect to the Pb surface (purple arrows). Red arrows indicate the two nitrogen atoms within MnPcs through which a substrate direction passes. Black segments highlight one of the main molecular axis of a MnPc in a given conguration. The 6×6 nm 2 high-resolution STM

  Figure 2c displays an isolated MnPc molecule adsorbed on the Pb monolayer surface. The sketch of gure 2d, resulting from statistical analysis of several STM images, shows that isolated MnPcs can be found in only three possible orientations, rotated by an angle of 120 • between each other, with respect to the symmetry directions of the Pb monolayer (indicated by purple arrows). The MnPc molecule in gure 2c, for instance, corresponds to the conguration I depicted in gure 2d. For each of these molecular congurations one of the substrate directions is always aligned with the axis passing through the two nitrogen atoms indicated by the red arrows (see gure 2d) within the experimental error of about 2 • . All these results and considerations indicate a strong and local inuence of the Pb monolayer on the adsorption conguration of MnPcs. This is in stark contrast with the lack of surface registry found for MnPcs adsorption on the (111) surface of bulk Pb 15,16,43 or Pb thin lms. 14 The sketch of gure 2f, deduced from a statistical analysis of STM images, depicts the arrangement of MnPcs inside self-assembled trimers. The registry of the trimer with respect to the Pb surface high-symmetry directions is indicated by purple arrows. One measured trimer is presented in gure 2e. Comparison between gure 2d and gure 2f reveals that the single MnPcs inside a trimer always retain the same orientation with respect to the Pb substrate as do isolated molecules. More interestingly, all trimers observed in our experiments always consisted of MnPc molecules with the three possible orientations depicted in gure 2d.

Figure

  Figure 2f also shows that each Pb direction passes through Mn atoms of neighboring MnPcs within the experimental error of about 2 • . Moreover, these Mn atoms constitute the vertices

  Figure 3: 60×60 nm 2 STM image (V T =-50 mV and I T =50 pA) showing ∼1.3 molecules/100 nm 2 of MnPcs deposited on top of the pristine SIC phase of the Pb/Si(111) monolayer kept at room temperature. MnPcs remain isolated or self-assemble in trimers (see inset: 7×7 nm 2 , V T =-50 mV and I T =50 pA). Both images were measured at 300 mK.

Figure 3 3 -

 33 also show a dimer of MnPcs. These congurations were rarely observed during the experiments and they can be seen as trimers in which a molecule is missing. The similar behavior of MnPcs on the SIC and the MnPcs-induced SIC phase suggests that the molecule-substrate interactions are similar on both surfaces. This observation further conrms that the MnPcs adsorption on top of the Pb monolayer actually transforms the √ 7 × √ 3-Pb phase into the SIC phase. In summary, at low coverage MnPc molecules deposited on the √ 7× √ Pb monolayer induce a surface reconstruction into the incommensurate SIC phase. The above data show that molecules form strong and local bonds with the substrate such that even if they diuse during deposition, the molecules do not nd the required adsorption sites on the incommensurate phase to form large and ordered assemblies. This forces the molecules to lie isolated or in trimers and always in congurations that reect the threefold symmetry of the Pb surface.
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 33 structural phase transition of the Pb monolayer induced by MnPc molecules adsorption we performed DFT calculations. Here, one should keep in mind that the SIC phase is an incommensurate surface reconstruction and it cannot be exactly treated with electronic-structure calculations. This is the reason why we assumed a commensurate √ Pb atomic arrangement instead of the actual incommensurate SIC phase. Note that this simplication is commonly done to address the SIC electronic properties with DFT methods. 10,26,39,44 We did two separate calculations, rst the adsorption of a single MnPc molecule onto the √ 7 × √ 3 phase and second, onto the √ 3 × √ 3 phase. The minimum-energy conformations of the two systems are displayed in gure 4.
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 43737333333253 Figure 4: DFT optimized structure and Terso-Hamann STM topography 4547 at xed
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 37333733 SIC structural phase transition of the Pb monolayer. MnPc molecules do stabilize better on a denser Pb phase and favors the reconstruction into an incommensurate phase. The initial Pb arrangement of the √ Pb phase proceeds towards a reorganization to locally form denser areas of √ Pb and other areas with Pb troughs leading to the overall incommensurate SIC surface structure. In addition, the well-known fact that Pb adatoms in the overlayer are soft and easily mobile 37,39 might help facilitating this process.DiscussionThe present LEED/STM study reveals a new long-range eect taking place when MnPc molecules are adsorbed at low coverage on a Pb/Si(111) monolayer. In particular, we have shown that the adsorption of a very dilute amount of MnPcs is sucient for Pb atoms initially arranged in the √ Pb phase to reorganize themselves into the SIC phase on a macroscopic scale. On this MnPcs-induced SIC surface, the molecules remain either isolated or self-assembled in trimers and their adsorption conguration reects the threefold symmetry of the substrate. Moreover, our DFT calculations have shown that both the energy gain and the charge transfer of single MnPc molecules adsorbed on a pure Pb phase supporting the experimentally observed structural transition.
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 73 53 of a single MnPc molecule adsorbed on 3D Pb(111), show that the spin density remains distributed around the molecule and does not penetrate the Pb substrate, in contrast to the present calculations.We would also like to discuss the interesting case of Au(111), Ag(111) and Cu(111) 3D substrates, all having 2D surface states at the Fermi level, where the adsorption of MPcs leads to isolated molecules 16,5457 instead of the close-packed self-assembly observed on bulk Pb(111). This behavior has similarities with the present study where we found a reduction of the molecular packing on the Pb monoatomic layers. On coinage metals, the absence of dense assemblies was attributed to the residual charge accumulation at the molecule-substrate interface, resulting from an incomplete screening from the bulk electrons and leading to a subsequent electrostatic repulsion between molecules mediated by the screening of 2D surface states. Following this interpretation, we propose that our 2D Pb substrates may screen the residual molecular charges less eectively than the 3D Pb crystals thus promoting single and few-molecule clusters. Furthermore, on the SIC phase the presence of very dierent areas on the surface, i.e. anisotropic of the majority of molecules on specic zones of the phase giving rise to the observed frustrated molecular self-assembly. This mechanism might ultimately be further enhanced by the locality of the MnPc-substrate interaction leading to molecular adsorption only on certain surface sites and preventing dense molecular packing.Finally, it should be mentioned that MPcs have already been deposited on other 2D metallic systems. In particular, on the √ In phase of the In/Si(111) bilayer MPcs (M=Mn,Cu) self-assemble in closely packed square lattices. This indicates that, contrary to our observation, the molecule-molecule interaction is dominant in this system. Moreover, no signs of molecular-induced surface reconstruction were detected in the In/Si(111) bilayer. This fact highlights the peculiarity of our result and suggests that, as discussed below, in addition to the simple fact of having a low dimensional system, the intervention of the Pb/Si(111) interface might play an important role in tuning the balance between molecule-molecule and molecule-substrate interaction.
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 3337373 SIC phase transition may ultimately be promoted by the energetic stability of the MnPc/SIC system, revealed by our DFT calculations, together with the high mobility of Pb atoms on top of the Si(111). This idea is reinforced by a recent study that reported about a charge transfer-induced structural phase transition of the √ Au/Si(111) monolayer under adsorption of 0.1 ML of Na atoms.[START_REF] Bondarenko | Large Spin Splitting of Metallic Surface-State Bands at Adsorbatemodied Gold/Silicon Surfaces[END_REF][START_REF] Bondarenko | Eect of Na Adsorption on the Structural and Electronic Properties of Si(111) √ 3 × √ 3-Au Surface[END_REF] ConclusionsIn conclusion, with this study we have shown that the adsorption of a minute amount of MnPc molecules (∼0.18 molecules/100 nm 2 ) on top of a Pb/Si(111) monolayer kept at 150 K and room temperature induces a structural transition of the √ Pb phase into the SIC-Pb phase on a macroscopic scale. Analysis of experimental and computational results revealed that the mechanism behind this surface transformation may be related to the strong charge transfer at the molecule/substrate interface as well as the strained nature of the surface reconstructions of the Pb monolayer. As shown by our DFT calculations, the phase transition could ultimately be promoted by the energetic stability of the MnPc/SIC-Pb/Si(111) system with respect to the MnPc/ √ Pb/Si(111) one.

√ 3 - 3 reconstructed 67 Acknowledgement 7 × √ 3 -

 336773 ter than 5×10 -11 mbar. Heavily n-doped Si(111) substrates were rstly outgassed at 873 K for several hours after being introduced in UHV and then repeatedly ashed at 1420 K by direct current heating. Atomically clean and defect-free Si(111)-7×7 reconstructed surfaces were prepared by repeatedly ashing the Si(111) sample to 1420 K and subsequent annealing from 1220 K to 820 K by slowly decreasing the temperature. Pb was evaporated at a rate of 0.65 ML/min on top of the freshly prepared Si(111)-7×7 surface kept at room temperature from an electron beam evaporator. A crystalline Pb monolayer was nally obtained by annealing the Pb/Si(111) system at about 600 K for a duration that depends on the desired surface reconstruction. In particular, after depositing 1.65 ML of Pb, the √ 7× Pb and the SIC phase were obtained by annealing the sample at ∼593 K for approximately 2 min 30 sec and 1 min 10 sec respectively. MnPcs were thermally sublimated at about 620 K on top of the Pb surface kept either at room temperature or at ∼150 K from a home-made resistively heated glass crucible.STM experimentsScanning Tunneling Microscopy (STM) measurements were performed in situ on a low temperature homemade system. Mechanically cut PtIr tips were used after being outgassed at around 470 K for several hours. All STM images were acquired in constant current mode with the sample kept at 77 K except that in gure 3 that was acquired at 300 mK. STM data were calibrated from high resolution images of the Si(111)-7×7 surface recorded at the same temperature.DFT calculationsTwo adsorption systems were considered in the calculations: a single MnPc molecule ad-Pb overlayer on Si(111) substrate respectively. Bulk Si(111) was modeled by means of a slab consisting of 6 Si bilayers passivated at one end with hydrogen atoms. In both adsorption systems, the atomic positions of the topmost Si bilayer, the top layer of Pb atoms and the MnPc molecule were all relaxed until atomic forces were smaller than 50 meV per Å. The projected spin-polarized density of states (PDOS) onto the d atomic orbitals of the Mn atom used a gaussian smearing with a width of 0.2 eV to smooth the plots. Spin-Polarized DFT calculations were performed for a periodic slab geometry as implemented in the VASP code. 64 A cut-o energy of 280 eV in the plane-wave expansion was used together with a 1 × 1 × 1 k-grid (Γ point) for the geometry optimization. For the static electronic structure calculations like PDOS and STM simulations a ner 3 × 3 × 1 k-grid was adopted together with an increased cut-o energy of 350 eV. The smearing technique using a Gaussian broadening of 0.01 eV was applied to achieve electronic convergence. Exchange and correlation were treated with the PBE form of the generalized gradient approximation. 65 Dispersion interactions were modeled with the variant of DFT-D3 method by Grimme. 66,We gratefully acknowledge F. Thibout (Kastler Brossel Laboratory) for the realization of the glass crucibles used during the experiments of this study. NL gratefully acknowledges nancial support from the spanish MICINN (project RTI2018-097895-B-C44) and FEDER funds. NW gratefully acknowlegde the nancial support of Labex Matisse and Investissement d'Avenir. CB gratefully acknowledges nancial support from the French ANR Rodesis (project ANR-16-CE30-0011-01). The computational work was granted access to the HPC resources of GENCI (TGCC and CINES) under grant n°A0050807364. Supporting Information Available Additional gures are available. They show the calculated atomic relaxation of the Pb monolayer after MnPc adsorption and the charge/spin density distributions of a MnPc molecule adsorbed on the √ Pb and the SIC-Pb phase.

  Pb phase, that covers the entire sample surface, is not a single domain phase but it consists of three equivalent domains 120 • mutually rotated and with an average size of about 100×100 nm 2 .

	transition.	2229 The	√	7 ×	√	3-

√

7 × √ 3-Pb surface before MnPcs deposition that develops below 270 K as a result of a reversible temperature-induced structural phase

  Figure 1b shows STM and LEED results of the Striped Incommensurate phase (SIC) which is the densest phase of the Pb monoatomic layer obtained at the saturation coverage of

	1.3 ML.	27,37 Here, it should be stressed the fact that, unlike the	√	7 ×	√	3-Pb phase, the SIC
	phase does not undergo structural changes from room temperature to low temperature.	27
	The analysis of STM images reveals that the incommensurate structure of this phase consists
	of small	√	3 ×	√	3-Pb domains (brighter regions) separated by meandering domain walls
	with quasi-	√	7 ×	√ 3-Pb atomic arrangements (dark stripes).

  Pb phase, our calculations reveal that the total molecular spin decreases from S=3/2 to S=1 as a result of charge transfer to the d xz /d yz orbitals that are hybridized with the ligand orbitals of the MnPc molecule.The S=1 state is ultimately given by the half-occupied d z 2 and d xy orbitals (see gure 5). It should be pointed out that the computed electronic structure of the MnPc adsorbed on the

	√ 7 ×	√	3-Pb monolayer is qualitatively similar to the one identied by Minamitani et al. 53
	for a MnPc adsorbed on Pb(111) or on a Pb island thick enough to mimic bulk properties.
	In contrast, the molecular magnetic moment is further reduced on the	√ 3 ×	√	3-Pb layer
	because the d z 2 orbital lls as a consequence of larger charge transfer. According to this the

d z 2 orbital should become non-magnetic. Accordingly, the total molecular spin is expected to be S=1/2 and arise from the only magnetic orbital that is left half-occupied, i.e. the d xy orbital. This orbital interacts weakly with the Pb/Si(111) monolayer and its occupation remains essentially unchanged, that is with roughly one unpaired electron.

In summary, our DFT analysis sheds light on the driving force of the MnPcs-induced

  Si atoms underneath the Pb layer (see gure S2 in Supporting Information). In this sense, the reduced dimensionality of the Pb monolayer permits a direct interaction of the MnPc molecule with the Pb/Si interface, leading to stronger and more localized bonds than on higher dimensional Pb substrates. For example, the recent calculations of Minamitani et al.

			15,43 In stark
	contrast to these results, our experiments reveal that MnPcs deposited on the Pb monolayer
	remain either isolated or self-assembled in trimers and their adsorption congurations reect
	the threefold symmetry of the SIC phase. This observation seems to suggest that the lower
	is the dimensionality of the Pb substrate the stronger becomes the molecule-substrate inter-
	action. This statement is supported by the values of adsorption energy (bonding distance)
	obtained by our DFT analysis, i.e. -2.86 eV (2.7 Å) and -2.74 eV (2.9 Å), which are higher
	(shorter) than those previously reported for a MnPc molecule adsorbed on bulk Pb(111),
	i.e. -1.52 eV	16 (3.29 Å	53

15,16,54 

The small modulations of this weak molecule-substrate coupling arise from the incommensurability of a square lattice on the triangular Pb(111) surface leading MnPcs to lie on dierent adsorption sites. ). The computed spatial distribution of the electronic charge and spin density also underlines this strong interface eect: both densities accumulate heavily on the

  50,51 Jacob et al. 52 reported about the correlated electronic struc- ture of MnPc that retains its magnetic state, i.e. S=3/2, after adsorption on Pb(111) but that leads to an eective S=1 spin due to strong dynamical uctuations of charges between the d xz and d yz orbitals. Although our DFT results concerning the electronic/magnetic state of MnPc on the Pb monolayer are in qualitative agreement with the interpretation of Minamitani et al. Pb phase, in addition to the charge transfer to the d xz /d yz orbitals that reduces the total molecular spin by ∼1/2, there is an additional charge transfer that quenches the spin arising from the d z 2 orbital ultimately resulting in a total spin S=1/2 carried by the d xy orbital. This result further conrms the stronger interaction of MnPcs with the FePc or perylene. The explanation of this behavior was based on the fact that the herringbone surface reconstruction is itself induced by surface strain. According to this, the charge transfer that accompanies the molecular adsorption induces a change in the surface strain of Au(111) thus driving a new surface reconstruction. Therefore, adsorption of dierent molecules on Au(111) induces dierent surface patterns.

	MnPcs-induced surface reconstruction of the Pb monolayer
	√ While our work emphasizes a structural phase transition of the Pb monolayer from the 7× √ 3-
	53 for 3 to the SIC phase induced by MnPcs, no structural changes were ever reported on bulk Pb(111), those for the √ 3 × √ 7 × √ √ 3-Pb monolayer reveal something dierent. On the √ 3 × bulk Pb(111) or Pb/Si(111) islands. The reason of this may lie in the smaller strain at the √ Pb(111) surface compared to those within the Pb monolayer. To clarify this fact it is useful to mention that examples of surface modication induced by molecular adsorption can be 3-√ 3 × found on Au(111). Sun et al., 58 for instance, have reported modications of the herringbone √ 3-Pb phase than with the √ 7 × 3-Pb phase. √ surface reconstruction of Au(111) whose nal structure depends on the adsorbed molecule,
	i.e.				
	Before concluding this section, we discuss the dierent charge transfers involving MnPc
	molecules on bulk or low-dimensional metallic substrates. On Au(111) the charge transfer
	proceeds from MnPc molecules to the substrate.	54 On Ag(111) it goes in the opposite di-
	rection	57 as found in our Pb monolayers and in 3D Pb(111). Despite this similarity, in the
	MnPc/Ag(111) system the charge transfer, i.e. 0.5 electrons,	57 is dominated by the organic
	ligands while on the	√	3 ×	√	3-Pb monolayer it is dominated by the Mn atom. This em-
	phasizes the locality of the interaction. Another interesting case is the adsorption of MPcs
	(M=Mn and Cu) on the 2D	√ 7× √ 3-In bilayer grown on Si(111). It revealed that the electron
	transfer goes from the substrate to the molecules in both cases.	19 However on one hand this
	charge transfer takes place on the organic ligands for CuPcs and yields 1.55 electrons.	19 On
	the other hand it is rather localized on the central atom in the case of MnPcs, in agreement
	with our ndings, and yields 1.78 electrons.	19
	The novelty of our result compared to the great variety of molecular behaviors encountered
	in literature until now is the new self-assembly of MnPcs on the Pb monolayer that re-
	ects a new way of tuning the molecule-substrate coupling by playing with the substrate
	dimensionality.			
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