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The synthesis of tetraphenylporphyrinate Erbium(III) acethylacetonate (acac) complexes is realized and their properties studied at the nanoscale when adsorbed on a semi-insulating CaF 2 /Si(100) surface. Our findings reveal that the ErTPP-(acac) molecules can adsorb in two main on-site conformations. Following precisely located dI/dV measurements at various specific positions (phenyls, pyrroles, Er-(acac)), the relative locations of the Er cation and the apical ligand (acac) can be deciphered for each observed conformation. Hence, one of the adsorbate conformations presents the acac ligand parallel to the porphyrin plane with the Er atom outside the macrocycle plane. The second conformation is related to what is known in the gas phase where the acac ligand is oriented vertically on top of the Er atom. This work is combined with a theoretical investigation that uses density functional theory methods to bring into light details of the two observed conformations. Additional proofs of our discoveries are related to the vibrational excitation of the ErTPP-(acac). A comparison with a theoretical estimation of the vibrational modes reveals how the electronic resonance near the valance band edge of the insulting layer is suitable to distinguish between the two adsorbed conformations.

INTRODUCTION

Molecular species containing lanthanide (Ln) atoms have attracted specific attention for decades. These last years, in particular, have emerged strong motivations to study four-fold symmetry molecules having rare earth atom center including Terbium, Dysprosium or Ytterbium to target the study of new types of magnetic molecules [START_REF] Katoh | Surface morphologies, electronic structures, and Kondo effect of lanthanide(III)-phthalocyanine molecules on Au(111) by using STM, STS and FET properties for next generation devices Dalton transactions[END_REF] or special light emitters. [START_REF] Bulach | Porphyrin lanthanide complexes for NIR emission[END_REF] In this framework, several studies have been focusing on an efficient caging of the electronic structure of the Ln atom via the formation of double-decker structures. [START_REF] Zhang | Detection and manipulation of Charge States for Double-Decker DyPc2 Molecules on Ultrathin CuO Films[END_REF][START_REF] He | Low-Temperature Scanning Tunneling Microscopy Study of Double-Decker DyPc2 on Pb Surface[END_REF][START_REF] Katoh | Direct Observation of Lanthanide(III)-Phthalocyanine Molecules on Au(111) by Using Scanning Tunneling Microscopy and Scanning Tunneling Spectroscopy and Thin-Film Field-Effect Transistor Properties of Tb(III)-and Dy(III)-Phthalocyanine Molecules[END_REF] Other magnetic properties dealing with the Kondo effect are also investigated via the formation of controlled 2D molecular lattices. [START_REF] Tuerhong | Two-Dimensional Organometallic Kondo Lattice with Long-Range Antiferromagnetic Order[END_REF] In addition to their magnetic properties, Ln atoms allow specific electronic or optical excitation, thanks to the longer lifetime of the Ln 4f orbitals compared to 3d and 5d orbitals of transition metals. As a counterpart, one of the major drawbacks of such magnetic molecular structures deals with the compromise between accessing 4f orbitals of the central atoms and the ability to preserve its electronic structure from its surroundings. 7,[START_REF] Warner | Sub-molecular modulation of a 4f driven Kondo resonance by surface-induced asymmetry[END_REF] The investigation of single metallated phthalocyanines and porphyrins molecules has revealed the possibility to partly tune their electronic and optical properties by changing the central metal atom. [START_REF] Liao | Electronic structure and bonding in metal porphyrins[END_REF][START_REF] Orti | Electronic structure of phthalocyanines: Theoretical investigation of the optical properties of phthalocyanine monomers, dimers, and crystals[END_REF][START_REF] De La Torre | Phthalocyanines: Old Dyes, New Materials. Putting Color in Nanotechnology[END_REF][START_REF] Reecht | Radical Formation by Pyrrolic H Abstraction of Phthalocyanine Molecules on Molybdenum Disulfide[END_REF][START_REF] Schwarz | Electronic and Vibrational States of Single TinPhthalocyanine Molecules in Double Layers on Ag(111)[END_REF] So far, while self-assembled Ln-Pc or Ln-TPP molecules have been investigated in the gas phase [START_REF] Mironov | Lanthanide porphyrin complexes[END_REF] , single molecule are rarely studied on surfaces at the atomic scale. [START_REF] Garzon-Roman | Erbium phthalocyanine on porous silicon: Morphological, optical, and electrical characterization, for its possible application as a photodetector[END_REF] In this work, we investigate the electronic structure of single tetraphenylporphyrinate Erbium (III) acethylacetonate complex, i.e. ErTPP-(acac) molecules on the CaF 2 /Si(100) surface at 9 K via scanning probe techniques. dI/dV spectroscopy performed at different locations on the molecule allows describing the electronic structure of the two observed conformations. These results are compared with calculations that use the density functional theory to reproduce the STM images and the spectroscopic curves. Our findings reveal that the two observed conformations could be switched between each other via the position change of the central Er atom and the apical ligand.

METHODS

Chemical methods

The metalation reaction of porphyrin free base with Erbium(III) lanthanide cation is performed by treating tetraphenylporphyrin (H 2 TPP) with an excess of Er(acac) 3 .3H 2 O in melted imidazole under argon. Progress of the reaction is monitored by following the appearance of the Soret band of the metalloporphyrin at 424 nm and by the increase of the Q-band absorbance at 553 nm, corresponding to * electronic transitions. The resulting crude product is purified on aluminum oxide column in methanol and precipitated in a mixture of acetone/water to afford in a moderate yield the neutral Er(III)(TPP)(L)(S)x. The electrospray ionization mass spectrum of the complex shows the corresponding mass peak of Er(III)(TPP)(acac) as well as the presence of other mass peaks. Their analysis highlights the presence of different Erbium(III)TPP complexes in which the nature of the apical ligand (L) varies. Indeed, at high temperature, the acetylacetonate (acac) ligand pyrolyzes in a major pyrolytic product, the acetate (OAc = OCOCH3), that can coordinate to the lanthanide ion and form the acetate-coordinated porphyrin, Er(III)(TPP)(OAc). [START_REF] He | Facile preparation of neutral monoporphyrinate lanthanide complexes with strong nearinfrared emission[END_REF][START_REF] Spyroulias | Comparative Study of W6 ) ' Relationship for Novel _ # Lanthanide Porphyrins and Their Nickel and Free Bases Precursors, as a Function of Number and Nature of Halogens Atoms[END_REF] Besides, the Erbium porphyrin complex with free acetylacetonate is also observed in the mass spectrum, in which lanthanide are coordinated by many molecules of solvent (e.g. water, methanol) that stabilize the metallic cation. A quantity of 0.1 g of porphyrin (0,163 mmol, 1 eq) was heated at 218°C with 0.378 g of Er(acac)3.3H 2 O (0.814 mmol, 5 eq) and 5 g of imidazole for two days, under inert atmosphere. The reaction is monitored by UV-visible spectroscopy and stopped after the shift of the Soret band at 424 cm -1 as well as the disappearance of the Q bands at 518 and 648 nm. The mixture is then dissolved with ethanol and water at room temperature, extracted three times with dichloromethane and organic phases were concentrated. The crude is purified on a neutral aluminum oxide column in a mixture of dichloromethane and methanol (100/0 to 95/5; v/v). The product is then precipitated in acetone and S1.

STM methods

The STM experiments are performed with ultra-high vacuum (UHV) scanning tunneling microscopy (CREATEC) working at low temperature (9 K). The silicon samples used in our experiments (from ITME) are n-type doped (As, ; = 5 !J4 !-and cut along the (100) plane. The bare Si(100) surface is firstly prepared via two main steps in UHV environment. The silicon surface is firstly cleaned by resistive heating at 1220 K to remove the oxide layer. Then, the silicon surface is reconstructed by several cycles of flash ( ~5s ) heating followed by an annealing period of 2 to 3 min.

The cleaned silicon sample is then kept at ~1000 K and placed in front of an effusion cell in which pure CaF 2 crystals are heated in an HOPG crucible at 1240 K for about 2 to 4 minutes. During the epitaxy of the Si(100) surface, the base pressure in the UHV chamber is kept under 9 x 10 -11 Torr. A detailed description of the obtained semi-insulating layer is provided in previous works. [START_REF] Duverger | Two-Dimensional Functionalized Ultrathin Semi-Insulating CaF 2 Layer on the Si(100) Surface at a Low Temperature for Molecular Electronic Decoupling[END_REF][START_REF] Chiaravalloti | Atomic scale control of hexaphenyl molecules manipulation along functionalized ultra-thin insulating layer on the Si(100) surface at low temperature (9 K)[END_REF] 

Theoretical methods

The ErTPP-(acac) molecule has been studied by the DFT method using the Siesta computer code. [START_REF] Hohenberg | Inhomogeneous Electron Gas[END_REF][START_REF] Kohn | Self-Consistent Equations Including Exchange and Correlation Effects[END_REF][START_REF] Ordejon | Self-consistent order-N density-functional calculations for very large systems[END_REF][START_REF] Soler | The SIESTA method for ab initio order-N materials simulation[END_REF] Two molecular structures are considered. The two molecules are the ErTPP-(acac) (i.e.

5,10,15,20-tetraphenylporphyrin (TPP) with an acetylacetonate apical ligand with two different positions of their apical ligand. [START_REF] Pizzoferrato | Effects of progressive halogen substitution on the photoluminescence properties of an erbium-porphyrin complex[END_REF][START_REF] Harrison | Near-infrared electroluminescence from conjugated polymer/lanthanide porphyrin blends[END_REF] The calculations are carried out using a polarized double M basis set (DZP) and a nonlocal norm conserving pseudopotentials with relativistic methods that are necessary to reveal the properties of such heavy element. For the exchange correlation functional, we used the generalized gradient approximation (GGA) including the van der Waals interaction. [START_REF] Dion | Van der Waals Density Functional for General Geometries[END_REF][START_REF] Perdew | Generalized Gradient Approximation Made Simple[END_REF][START_REF] Román-Pérez | Efficient Implementation of a van der Waals Density Functional: Application to Double-Wall Carbon Nanotubes[END_REF] The mesh cutoff of 100 Ry with a single k-point at the center O for the Brillouin zone integration was considered to calculate the total energies within a numerical precision of 1 meV. Geometry relaxation was performed by the conjugate-gradient method with the force convergence criterion of 0.02 eV/Å in the same slab volume (i.e., 4.64 x3.10x4.44 nm 3 ) corresponding at the CaF 2 /Si(100) slab. In a second step, to determine the best conformational/adsorption energy, SIESTA (Spanish Initiative for Electronic Simulations with Thousands of Atoms) DFT molecular dynamic simulation was performed. The initial configurations were calculated by random placement of the molecule on CaF 2 /Si(100) slab. Then, energy minimizations are performed on the system via a position relaxation calculation to obtain an optimized configuration of the molecule and the slab. The charge distributions between molecules and the slab surface are analyzed using the Bader approach. [START_REF] Bader | A quantum theory of molecular structure and its applications[END_REF][START_REF] Henkelman | A fast and robust algorithm for Bader decomposition of charge density[END_REF] The vibrational spectroscopy of the ErTPP-(acac) is calculated by using the Gaussian 09 package with the hybrid B2LYP functional. The 6-311G* and the ANO-RO relativistic basis sets are used to relax the molecule and compute the IR spectrum.

RESULTS AND DISCUSSION

To investigate the properties of the two observed molecular conformations, we have performed 

0 -1 -2 1 Surface bias (V) 2 
1.9

1.9

1.9 -1.9

0 -1 -2 1 Surface bias (V) 2 -1.9 1.8 -2.0 -1.7 -1.45 0 -1 -2 1 Surface bias (V) 2 Ph1 Ph2 Ph3 Ph4 Py1 Py2 Py3
Py4 Ce is performed on a metallated tetraphenyl porphyrin molecules having no apical ligand ([M]TPP with M = transition metal), on either a clean silicon surface [START_REF] Labidi | Exploiting a single intramolecular conformational switch to probe charge transfer dynamics at the nanoscale[END_REF] or semi-insulating layer. [START_REF] Ramos | Probing Charge Transfer Dynamics in a Single Iron Tetraphenylporphyrin Dyad Adsorbed on an Insulating Surface[END_REF] In the gas phase, the energy of the frontiers orbitals HOMO and LUMO of neutral [M]TPP molecules are known to be usually located at ~ 1.6 eV on both sides of their electrochemical potential energy, while the phenyl groups exhibit occupied orbitals at higher energies (i.e. -2.5 to -2.7 eV) with usually, stronger DOS intensities.

The spatial DOS distribution of the frontiers orbitals is expected to be located along the porphyrin macrocycle, namely within the pyrrole groups of the molecules. Depending on the dihedral angles between the phenyl lateral ligands and the porphyrin plane, electronic coupling between the phenyl rings and the porphyrin macrocycle can be tuned leading to a spatial delocalization of their respective DOS [START_REF] Ramos | Probing Charge Transfer Dynamics in a Single Iron Tetraphenylporphyrin Dyad Adsorbed on an Insulating Surface[END_REF] .

In the present case, on a semi-insulating surface, the observed dI/dV acquired on ErTPP-(acac) are expected to show dI/dV spectrum similar to the one in the gas phase with transition metals. However, one can also expect that the presence of the apical ligand and the lanthanide atom may play an important role in the known electronic structures.

To explain the dI/dV measurements observed in Figure . 2, we have acquired several STM images in constant height (CH) mode, at the resonance energy of the observed dI/dV peak maximum (-2.0 V) when scanning over the same molecular conformation A observed in Figure . 2a. The CH mode allows, in our particular conditions in which the apical ligand is supposed to be located at a relatively high position between the porphyrin macrocycle and the STM tip, to reduce the interaction with the ligand and hence observe its instabilities at a lower frequency. The sequence of STM images shown in As mentioned above, this effect can be due to a larger dihedral angle between the phenyl rings and the plane of the porphyrin macrocycle compared to the one in the gas phase. This seems to apply for both conformations shown in Figure . 1c and 1d. Differently, the dI/dV spectra acquired at the central part of the molecule unveil only two types of DOS peaks. The ones having maximum energies observed at -2.5

V and -1.3 V, for the occupied states, and a single weak band of empty DOS state at ~ 1.6 V. One can also notice the noisy signal observed in the dI/dV curve at the left shoulder of the DOS peak centered at at the Er atom are clearly shifted to lower energies (blue curve peak at -3.5 eV). Whereas, the PDOS curve of the acac (green curve) move to higher energies, i.e., in the energy band gap of the substrate, both forming a band of PDOS that spreads from 0.5 eV to -2.5 eV that can interact with the PDOS of the pyrrole groups. Each curves in Figures. 5a and 5b exhibits sharp peaks of PDOS for the phenyl rings at similar energies for the two considered conformations A and B.

-1.3 V in Figure.
One can now compare the PDOS curves in Figure . 5 with the dI/dV curves described in Figures. [START_REF] Krane | High-Resolution Vibronic Spectra of Molecules on Molybdenum Disulfide Allow for Rotamer Identification[END_REF] In both cases, the observed dI/dV oscillations The Journal of Physical Chemistry at the edge of a DOS resonance peak arise from various types of vibrational excitations of the electronically excited molecule via the formation of a cation or anion. The relative high life time of the ionic species is supposed to be long enough to allow these observations. In the present case, the excited resonance of the ErTPP-(acac) is observed at 1.3 eV below the Fermi level energy of the substrate. This energy is above the threshold valence band edge energy (1.5 eV below E f ) of the CaF 2 /Si(100) measured previously. [START_REF] Duverger | Two-Dimensional Functionalized Ultrathin Semi-Insulating CaF 2 Layer on the Si(100) Surface at a Low Temperature for Molecular Electronic Decoupling[END_REF] The averaged measured linewidth (FWHM) of the ionic resonance peak at -1.3 V (not shown in Figure . 4d) is ~ 110 meV. This gives an estimated lifetime of the ionic molecule of a few picoseconds. To compare our experimental data in Figure . 6a with theoretical estimations of the infrared excitation spectrum of the ErTPP-(acac), we have performed the frequency calculation of the vibrational spectra of this molecule in the gas phase using the Gaussian calculation package (see the method section 2.3 ). The obtained calculated spectrum represented in Figure . 6b exhibit several vibrational peaks of highest intensity. If one compares the energy of the calculated peaks with the experimental data in Figure . 6a, six d²I/dV² peaks can be attributed to the calculated ones with an average energy difference as small as 49 meV. Among these vibrational peaks, the ones in the range 800 cm -1 -2300 cm -1 are fairly related to the stretching mode of the pyrrole groups while those lying in the range 2500 cm -1 -4000 cm -1 involve the apical ligand of the ErTPP-(acac). A detailed view of the stretching directions is provided in Figure . S3 of the ESI document. Different spectra have been calculated previously for other metalated porphyrins such as FeTPP. [START_REF] Roy | Optical activity of Co-porphyrin in the light of IR and Raman spectroscopy: A critical DFT investigation[END_REF] Their comparison with our data shows that the calculated spectrum in Figure . 6b are very specific to the ErTPP-(acac) in which the role of the apical ligand is non-negligible. Hence, these results confirm our findings in which the ErTPP-(acac) can be switched between the two described adsorbed conformations.

CONCLUSIONS

We have shown that ErTPP-(acac) molecules can be synthesized and adsorbed on an semiinsulating layer made of CaF 2 /Si(100) at low temperature (12 K). Our findings indicate that after adsorption, some of the adsorbed ErTPP-(acac) molecular conformations involves the Er atom to be pushed towards the surface with the acac ligand strapped against the porphyrin macrocycle. In this configuration, the ligand is slightly unstable under normal scanning conditions. The application of larger excitation voltage on this molecular conformation can stabilize the ErTPP-(acac) and show specific signatures in the dI/dV spectrum that can be attributed to a repositioning of the acac ligand in a vertical direction. This process is combined with the movement of the central Er atom and the observation of a specific vibrational spectrum of the molecule in the differential conductance data.
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  various differential inelastic electron tunnel current spectroscopy (IETS) measurements at several positions over the molecule. The selected IETS positions over the first conformation A (Figure. 1c) are described in Figure. 2a while probing the four phenyls (Ph1 to Ph4) and four pyrroles (Py1 to Py4) rings as well as the center (Ce) of the molecule. The dI/dV curves in Figures 2b and 2c exhibit one main peak of density of state (DOS) centered at ~ -1.9 V in the occupied states as well as another peak of DOS, of lower intensity, centered at ~1.9 V in the unoccupied state. In the central part of the molecule, the dI/dV spectrum (Figure. 2d) shows one intense peak of DOS, likewise centered at ~ -2.0 V, with a second superimposed dI/dV curve that suddenly stops at -1.7 V, signature of the observed instability at the center of the molecule in Figure. 2a.

  When the electronic structure of the ErTPP-(acac) molecule is probed at various specific molecular positions, the ensemble of the dI/dV curves acquired on the conformation A (Figure. 2a) is very similar. This electronic structure is significantly different from what can be measured when dI/dV

Figure 2 :

 2 Figure 2: (a) 22 X 22 A² STM topography of the ErTPP molecule in the conformation A. The dots indicate where the dI/dV spectroscopy curves have been acquired. (b) to (d) dI/dV curves acquired on the four phenyls (b), the four pyrroles (c) and the central (d) positions on the ErTPP molecule as detailed in (a).

Figure. 3 5 V

 35 Figure. 3 has been obtained by scanning several times over the same molecule (Figure. 2a) with a height variation of -0.9 Å compared to the initial STM tip surface distance fixed by the used settings (i.e. -2.5 V, 14 pA). For the sake of clarity, we have added four dotted lines forming a quadrilateral joining each of the phenyl position on each STM image. Two additional blue median lines cross the geometrical central part form, dividing the molecule into four triangular zones. From a direct observation of these STM images, one can clearly observe a variation of brightness at the central area of the molecule. More precisely, while the brightness of the phenyls groups does not vary (except on the left part of the molecule), the bright feature at the middle of the molecule can move to four distinct positions. A careful

  3c and 3d). Therefore, the moving central feature of the molecule is not observed in the left or right triangle of the quadrilateral. As we have noticed above, the inner molecular movements perturb mainly one phenyl ring during the CH mode STM images sequence (i.e. the one located at the lower left corner of the molecule).

  The intensity of the moving phenyl ring is significantly reduced (Figures.3a and 3c) indicating that the ensuing phenyl group is probably having a slight rotational movement to compensate the steric hindrance of the inner apical ligand. This effect indicate that the acac is located, in the conformation A, at a rather short distance of the phenyl groups, i.e., lying down on the porphyrin. Note that from these observations, the apical ligand's motion of the ErTPP-(acac) can stabilize into four different positions in the conformation A. One of these sites is reproduced in the ESI document Figure. S1. Following the observations of the ErTPP-(acac) in the conformation A (Figure. 2a), we have noticed that the excitation of this molecular conformation during the STM tip scanning at lower energies

Figure 3 :

 3 Figure 3: (a) to (d) 63 x 63 A² constant height mode STM images acquired on top of a ErTPP molecule in the conformation A at a constant bias of -2 Volts. The height of the STM tip apex is 0.5 Å higher than the one fixed by the setting parameters (Vs = -2.5 V, I = 18 pA). The dotted lines are placed to help positioning the phenyls rings as well as the center of the molecule.

  4d.Our experimental observation and measurements of the ErTPP-(acac) on the semi-insulating CaF 2 /Si(100) surface could lead us to assume that the conformation B shown in Figure.1d is the ErTPP molecule having lost the acetylacetonate apical ligand since the inner instabilities have disappeared under STM scanning. However, this process is unlikely since the energy required to induce this desorption can be rather high especially when considering the possible transition energy barrier to be overcomed (i.e. the binding energy of the Er -O bond is ~ 1.9 eV). In order to investigate the observed change between the conformations A and B, we have performed numerical simulations based on the density functional method (DFT) of the ErTPP-(acac) molecular conformations when adsorbed on the semi-insulating ribbon of stripes (see the methods section 2.3 for more details).[START_REF] Duverger | Two-Dimensional Functionalized Ultrathin Semi-Insulating CaF 2 Layer on the Si(100) Surface at a Low Temperature for Molecular Electronic Decoupling[END_REF] After the relaxation of the ErTPP-(acac) molecule, our DFT simulations indicate that two main conformations can be stabilized at the same adsorption site on the surface. Both of them are shown in the insets of Figures. 5a and 5b where the ensuing projected density of state (PDOS) are reported for the pyrrole, phenyl and the central group of the molecule. The calculated PDOS curves shown in Figure. 5a are the ones for the ErTPP-(acac) molecule in the conformation B, i.e., the same as the ones shown in Figures.1a and 1bwhere the acetylacetonate ligand stands up on top of the Er atom, the two oxygen atoms pointing towards the Er atom. In these conditions, the Er atom is located slightly higher than the porphyrin macrocycle. The corresponding PDOS curves in Figure.5a bespeak that the phenyl groups have major peaks of PDOS for energies at -2.6 eV and 2.5 eV while the maximum energy of the frontiers orbitals are observed at -1.3 eV for the HOMO and 0.5 eV for the LUMO.As explained previously for metalloporphyrin molecules with transition metals, the DOS of the frontiers orbitals are mainly located at the pyrrole groups (red curves at 0.5 eV) while the PDOS at the acac ligand combined to the one on the Er atom seems to play a central role in the PDOS peak at -1.3 eV (green and blue curves in Figure. 5a). We can also note the signature of the electronic coupling between the phenyl and pyrrole groups as the red curves (pyrroles) spreads out towards the PDOS peak of the phenyl groups.The PDOS curves of the second relaxed conformation A of the ErTPP-(acac) molecule (Figure.5b) are significantly different from the previous one due to two main aspects. Firstly, the position of the Er atom is moved down below the porphyrin macrocycle plane. Secondly, the acac ligand is now lying parallel to the porphyrin plane. A detailed description of both conformations is provided in Figure.S2 of the ESI document. From the PDOS curves in Figure.5b, one can see that the new position of the Er atom below the porphyrin macrocycle has a strong impact on the calculated PDOS, especially in the occupied states, in the energy range varying from 0 to -2 eV. Indeed, at this energy, most of the PDOS

Figure 5 :

 5 Figure 5: (a) and (b) projected density of states (PDOS) curves calculated for the two conformations B and A respectively. The corresponding conformations are recalled in the insert of each set of curves. In (a), the dI/dV curves are integrated over the sum of the four phenyls, four pyrroles, the Er atom and the acac fragment. In (b), the dI/dV curves are integrated over the four phenyls, four pyrroles and the Er atom.

2 and 4 .

 4 Figure. 6a, in which the energy difference is now considered from the maximum energy of the dI/dV peak (ie -1.3 eV) and where the calculated second derivative d²I/dV² is converted into cm -1 . Similar effects have been already studied with various molecules on others insulating layers such as naphthalocyanine adsorbed on Al 2 O 3 /NiAl(110) 34 or 2,5-bis(3-dodecylthiophen-2-yl)thieno[3,2-b]thiophene (BTTT) molecule adsorbed on MoS 2 /Au(111).[START_REF] Krane | High-Resolution Vibronic Spectra of Molecules on Molybdenum Disulfide Allow for Rotamer Identification[END_REF] In both cases, the observed dI/dV oscillations

Figure 6 :

 6 Figure 6: (a) d²I/dV² curve calculated from a section of the acquired dI/dV spectrum at the Ce position on the conformation B of the ErTPP-(acac) molecule from Fig. 4d. The origin of the curve (0 cm-1) is set at the resonance energy maximum of the DOS peak observed at -1.3 eV. (b) Calculated vibrational spectra of the ErTPP-(acac) as in the conformation B in the gas phase (see method). The calculated energy values printed in blue are the most comparable to the ones measured in (a).

  Details of the mass spectrum analysis of the fabricated molecule. Comparison of the calculated constant height image of the ErTPP conformation A with the measured STM image. Detailed description of the two observed conformations A and B. Details of ten calculated vibrational modes and energies of the ErTPP-(acac) molecule in the conformation B.
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Figure 2 :

 2 Figure 2: (a) 22 X 22 A² STM topography of the ErTPP molecule in the conformation A. The dots indicate where the dI/dV spectroscopy curves have been acquired. (b) to (d) dI/dV curves acquired on

Figure 3 :

 3 Figure 3: 63 x 63 A² constant height mode STM images acquired on top of a ErTPP molecule in the conformation A at a constant bias of -2 Volts. The height of the STM tip apex is 0.5 A higher than the one fixed by the setting parameters (Vs = -2.5 V, I = 18 pA). The dotted lines are placed to help positioning the phenyls rings as well as the center of the molecule.
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 4 Figure 4: (a) 22 X 22 A² STM topography of the ErTPP molecule in the conformation B. The dots indicate where the dI/dV spectroscopy curves have been acquired. (b) to (d) dI/dV curves acquired on the four phenyls (b), the four pyrroles (c) and the central (d) positions on the ErTPP molecule as detailed in (a). Typical maximums of the dI/dV peaks are indicated with black arrows.

Figure 5 :

 5 Figure 5: (a) and (b) projected density of states (PDOS) curves calculated for the two conformations B and A respectively. The corresponding conformations are recalled in the insert of each set of curves. In (a), the dI/dV curves are integrated over the sum of the four phenyls, four pyrroles, the Er atom and the acac fragment. In (b), the dI/dV curves are integrated over the four phenyls, four pyrroles and the Er atom.

Figure 6 :

 6 Figure 6: (a) d²I/dV² curve calculated from a section of the acquired dI/dV spectrum at the Ce position on the conformation B of the ErTPP-(acac) molecule from Fig. 4d. The origin of the curve (0 cm-1) is set at the resonance energy maximum of the DOS peak observed at -1.3 eV. (b) Calculated vibrational spectra of the ErTPP-(acac) as in the conformation B in the gas phase (see method). The calculated energy values printed in blue are the most comparable to the ones measured in (a).

  water to afford 32 mg of ErTPP-(acac). The positive electrospray (ESI) mass spectrum of C 49 H 36 ErN 4 O 2 is given in the ESI document in table
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