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Introduction

Since their discovery, metal phthalocyanines (MPc) have been widely studied because of their potential applications in a broad range of domains. From catalysis [START_REF] Leznoff | Phthalocyanines, Properties and Applications[END_REF] , optoelectronics [START_REF] Walzer | [END_REF] , spintronics 3 to photodynamic therapy 4 to name a few. Among them, Iron(II) phthalocyanine (FePc) is viewed as a potential molecular magnet [START_REF] Ishikawa | Phthalocyanine-Based Magnets[END_REF] . However, despite numerous studies in the last six decades, the characterization of its electronic ground state (GS) remains highly controversial.

The Pc is an aromatic macrocycle that ressembles to a porphyrin molecule, except for the substitution of aza-bridge carbons by nitrogen atoms. This therefore leads to the existence of two different types of nitrogen atoms, those surrounding the iron which are directly involved in the chemical bonds with the metal and the peripheric "aza-bridge" nitrogen atoms. In the center of Pc either a metal (Fe in the present case) or two hydrogens (free-based phthalocyanine) are located and the central ring is surrounded by four aromatic rings. The molecule is represented in Fig. 1.

Fig. 1 Iron phthalocyanine posesses a D 4h symmetry and is composed of a porphyrin-like aromatic macrocycle where peripheric nitrogen atoms are in place of aza-bridge carbons. The macrocyle is surrounded by four aromatic rings and a Fe atom is located in its center. The labels "a" to "h" indicate different distances that will be refered to in the discussion .

The GS electronic properties of FePc are linked to the coupling J o u r n a l N a me , [ y e a r ] , [ v o l . ] ,

of the Fe 3d orbitals with the π system of the phthalocyanine. This results in three electronic states with different distributions reflected in their spin states. For Fe II ferrous heme, the spins S=0, 1 and 2 are possible due to the population of the d orbitals within the phthalocyanine cage.

One consensus is that the GS of FePc is in a spin-intermediate state with S=1 based on measurements of its magnetic susceptibility as a function of the temperature performed by Dale et al. [START_REF] Dale | [END_REF] and further reinforced by their Mössbauer-effect study 7 where the authors conclude the ground state to be of 3 E g symmetry.

FePc belongs to the D 4h point group where the degeneracy of the five 3d orbitals is lifted into four levels b 1g (x2 y 2 ), a 1g (z 2 ), b 2g (xy) and e g , which is a doublet (xz, yz). With the exception of Thole et al. 8 who described FePc's GS as a quintet/triplet spinmixed state, the literature also agrees on the fact that the b 1g orbital is too high in energy to be occupied. This is essential since the affinity of FePc to ligands is generally determined by the respective b 1g (d x 2 -y 2 ) and a 1g (d z 2 ) populations. However, all possible arrangements for the three remaining orbitals can be found from experimental and/or computational studies.

The 3 A 2g GS with the configuration |a 2 1g b 2 2g e 2 g b 0 1g has been proposed by Stillman and Thomson 9 from magnetic circular dichroism measurements in solution. Note that we adopt a convention where the orbital ordering relates their relative energy. The same GS was predicted by Liao and Scheiner 10 and Sumimoto et al. 11 through density functional theory (DFT) studies. Recently, Greulich et al. 12 described FePc's GS as lying close to the transition between 3 E g and 3 A 2g states after performing X-ray absorption spectroscopy (XAS) and X-ray magnetic circular dichroism measurements at the Fe L-edge in thin films, supported by crystalfield multiplet calculations.

An early reference from Barraclough et al. 13 described the GS as 3 B 2g (i.e. |e 4 g b 1 2g a 1 1g b 0 1g configuration) after single crystal magnetic anisotropy measurements, followed by Brena and collaborators 14 who compared valence photoemission spectra and DFT calculations as well as in reference 15 where the authors performed XAS and XMCD spectra at the Fe L-edge of FePc adsorbed on Ag(001) and compared these with multiplet calculations.

As already mentioned, several articles found the GS to be a 3 E g state 7,[16][17][18][19][20][21] , either in the configuration |b 2 2g e 3 g a 1 1g b 0 1g or |a 2 1g e 3 g b 1 2g b 0 1g . Finally, various references also conclude that the GS is a mixed state of 3 E g -3 B 2g 22-24 or 3 E g -3 A 2g 25-27 symmetries.

Such a diversity of results comes from diverse biases. Experimentally, it was found that for thin films the electronic state is highly dependent on the substrate (see for instance 12,28 ) and, in particular, to charge transfer between the phthalocyanine and the substrate. An alternative approach is to probe MPc in thick films as performed by Bidermane et al. 21 who showed that the C 1s, N 1s and Fe 2p emission spectra were highly similar to those measured in the gas-phase. However, they did not arrive at the same conclusion as Brena et al. 14 who performed valence spectroscopy of FePc in the gas-phase and interpreted the GS on the basis of DFT calculations. Additionally, relying on one simulated spectrum only may not guarantee deriving the proper GS of such complex transition organometallic compound, independently of the theoretical method used. This is mainly due to the fact that the orbitals are quite close in energy and, therefore, a substantial amount of low-lying excited states can give qualitatively satisfying results for the simulation of the spectra.

From the theoretical viewpoint, it has been found that the GS determined by DFT calculations depends highly on the chosen functional and basis set, as in the reference 29 where all simulated valence photoemission spectra are in fair agreement with the experimental one. Regarding the multiplet calculations, which have been shown to be well suited to calculate absorption spectra at the Fe L 2,3 -edge [START_REF] De Groot | Advances in Condensed Matter Science[END_REF] , many different sets of parameters have been reported for the crystal-field. Since these parameters are interdependent and often used to fit a particular data set, it is difficult to find parameters that would fit all the different experimental spectra.

In the present study, we decided to have a comprehensive experimental and theoretical approach to identify the GS of an isolated FePc molecule. We recorded outer-valence, shallow-core and core-shell photoemission spectra in the gas-phase and simulated our results with both DFT and multiplet calculations.

Methods

Experimental

The experiments were performed at the PLEIADES beamline 31,[START_REF] Miron | [END_REF] of the synchrotron radiation facility SOLEIL which is equipped with two undulators (HU256 and HU80) that allow to have access to a tunable photon energy between ≈ 10 -1000 eV. This permits to probe a broad range of edges, from valence spectra close to ionization thresholds -the first IP of the molecule is at ≈ 6 eV-, to C 1s and N 1s electrons (at ≈ 280 and 400 eV, respectively) and Fe 3p, 3s and 2p edges (≈ 60, 90 and 700 eV respectively). This allows recording an extensive set of spectra, in view of reaching a consistent characterization of the electronic GS able to reproduce the corpus of data. The spectra were recorded using the wideangle lens VG-Scienta R4000 electron spectrometer installed at the beamline at a fixed position and the polarization vector of the incoming light was set at the so-called magic angle of 54.7°so that there is negligible influence of the photoelectron angular distribution on the photoionization cross sections. FePc has been graciously provided by Porphychem as a sublimated product. It is mostly free of synthesis pollutants. For the valence electron spectroscopy, data sets were recorded with photon energies between 52 and 110 eV and the electrons with a binding energy in the 6 to 20 eV range were detected with a step width of 20 meV. For the Fe 3p photoelectron spectra, we centered the binding energy of the electrons around 60 eV and used a step width of 100 meV; we varied the photon energy between 80 to 120 eV. We also measured resonant Auger spectra at the Fe 2p edge using photon energies between 703 and 735 eV with a step width of 500 meV. The electrons were recorded in the binding-energy range of 5 to 110 eV with a step width of 200 meV. Such a large binding energy range allows extracting most of the emitted electrons after resonant Auger decays and give, after integration over all binding energies, access to a partial electron yield (PEY) spectrum, which is comparable to absorption spectra. The total experimental resolution, composed of the convolution between the monochromator and spectrometer resolutions, was chosen to represent a good compromise between intensity of the signal and its resolution. In case of the valence spectra the total instrumental resolution amounted ≈ 60 meV, while in case of the Fe 3p XPS spectra it was ≈ 500 meV and for the core resonant Auger spectra where the spectral contributions are inherently large, it was ≈ 600 meV for the photon bandwidth.

The molecules were evaporated at ≈ 700 K under vacuum in a home-made oven designed to fit the Scienta's specifications and both the temperature of the oven and pressure in the interaction chamber were monitored during the data acquiqition to ensure stable target densities. The oven was set on a 3D-axis manipulator and its position was optimized on the signal.

DFT calculations

The DFT calculations were performed with the Gaussian 16 software package [START_REF] Frisch | Gaussian~16 Revision C.01[END_REF] . The structures have been optimized using the hybrid Becke 3-parameter, Lee, Yang and Parr (B3LYP) and the B97D3 functionals. We performed two sets of calculations with and without imposing the D 4h symmetry. We verified that the electronic structures as well as the c 2 coefficients for the molecular orbitals and their energies were almost identical in both cases. Therefore, to enable the comparison with both our multiplet calculations and the literature, we retained the results of the imposed-symmetry calculations in the following. We used different basis sets in order to evaluate their effect on the optimized structure and found that the B3LYP functional was robust with the choice of the basis set, i.e. whatever the chosen basis set we found i) very comparable geometric structure, ii) that the triplet state is the most stable electronic structure, followed by the quintuplet (≈ 0.9 eV higher) and the singlet (≈ 1.3 eV higher in energy). In the following, we present the results with the correlation-consistent polarized triple-zeta (cc-pVTZ) basis set used for all atoms. To simulate the valence photoelectron (PE) spectra, we calculated the partial and total density of states (DOS) by using the optimized structure. The result using the B3LYP functional matches slightly better the experimental spectrum than with the B97 functional, as can be seen in the figure S2 of the supplementary material. The partial DOS (PDOS) were calculated using the keyword pop=full iop(3/33=1,3/36=-1) in Gaussian on a single point calculation on the optimized structure and the percentages of each groups of atoms to the molecular orbitals were calculated using the Mulliken population analysis and the software GaussSum 34 . To simulate the PE spectra, we followed the procedure described by Brena et al. 14 and used the Gelius model 35 which consists in weighing each atomic orbital of the PDOS by the atomic subshell photoionization cross sections; for these cross sections we used the theoretical values from Yeh and Lindau [START_REF] Yeh | Atomic Data and Nuclear Data Tables[END_REF][START_REF] Yeh | Atomic Calculation of Photoionization Cross-Sections and Asymmetry Parameters[END_REF] . Finally, due to the hybrid character of the sp orbitals of C and N atoms, we decided to weight their contributions in the PDOS by the population given in the DFT calculation instead of separating them into 2s and 2p contributions as in Ref 14 . To simulate the PE spectra, we convoluted the theoretical peaks using Gaussian functions with four different full width at half maximum (FWHM) according to their binding energies, i.e. FWHM = 135 meV for energies below 6.5 eV, FWHM = 300 meV for energies between 6.5 and 8.2 eV, FWHM = 500 meV for 8.2 ≤ E ≤ 9.5 eV and FWHM = 1.5 eV above 9.5 eV. This allows to take into account that at higher energies the contributions of 2-holes 1-electron final states corresponding to simultaneous ionization and excitation become more important.

Multiplet calculations

In Fig. 2, we described the crystal-field parameters in a singleelectron picture. In a free ion, all 3d orbitals have the same energy. In contrast to this, in the O h (octahedral) symmetry there is a splitting of the d-level into two groups of orbitals: e g , which is a doublet comprising the z 2 and x 2 -y 2 orbitals, and t 2g , which is a triplet constituted by the xy, xz and yz orbitals. In this symmetry, the only important parameter is 10Dq which relates to the energy difference between the e g and t 2g orbitals. When the symmetry is further lowered to a tetragonal symmetry D 4h , the orbitals are split into 4 levels, namely b 1g (x 2 -y 2 ), a 1g (z 2 ), b 2g (xy) and e g , which is doubly degenerated (xz, yz). To describe the crystal field, two more parameters are needed, the so-called Ds and Dt. The four levels are linked by a set of formulas [START_REF] De Groot | Advances in Condensed Matter Science[END_REF][START_REF] Zimmermann | [END_REF][START_REF] Reddy | Electronic (Absorption) Spectra of 3d Transition Metal Complexes[END_REF] :

E b 1g = +6Dq + 2Ds -Dt (x 2 -y 2 ) E a 1g = +6Dq -2Ds -6Dt (z 2 ) E e g = -4Dq -Ds + 4Dt (xz, yz) E b 2g = -4Dq + 2Ds -Dt (xy)
However, these energy shifts are only correct for a single electron in the d-shell because the formulas do not take into account the coupling between the electrons, i.e. the situation is much more complex when the four levels are occupied by several electrons.

To perform the multiplet calculations and simulate the PEY and PE spectra, we used the Charge Transfer Multiplet program for X-ray Absorption Spectroscopy (CTM4XAS version 5.5) [START_REF] Stavitski | [END_REF] and for the determination of the ground state, we used the version 1.9 of the CTM4DOC 41 (differential orbital covalency) software. Depending on the chosen parameters, the CTM4XAS program allows to take into account the core-hole induced effects on the electronic structure, which are neglected when considering the core/inner-shell excitation or ionization as a single electron process. These effects include its potential, the spin-orbit coupling, the core-hole induced charge transfer effect, the core and valence holes exchange and multipole interactions [START_REF] Stavitski | [END_REF] . To further detail these multiplet calculations, the Hamiltonian is described as a sum of three contributions, namely i) a free ion Hamiltonian regrouping the kinetic energy of the electrons, the electron-nuclear, the electron-electron and the spin-orbit interactions, ii) a crystal field Hamiltonian and iii) an hybridization Hamiltonian. Note that the contributions ii) and iii) characterize the ligand field experienced by the centered metal atom. Once the Hamiltonian is described, the wavefunction can be calculated and further pro- jected on a basis consisting of all possible configurations, each affiliated with a coefficient α i (eigenvalues). The numbers given on page 6 in front of each configuration are the α 2 i values for the 6 dominant configurations (∑ α 2 i = 1, if all possible configurations are taken into account).

A large number of parameters' combinations and approaches can be found in the literature to match various spectra. Here we chose the strategy to use the same parameters to fit all spectra (L-edge PEY and PE spectra and M-edge PE spectrum). We reduced the Slater radial integrals to 68% of their Hartree-Fock value which is in agreement with the Refs. [START_REF] Dale | [END_REF]12,24,25,27 This lowering is related to the fact that the bonding between Fe and its neighbours is partly covalent and partly ionic. In general, when this factor is comprised between 0.7 and 0.9 the bond is considered predominantly with an ionic character, while when it is between 0.5 and 0.6, it has a covalent character. Here, we are in an intermediate situation adding complexity to the characterization of the GS. The optical parameters found as a best fit for our experimental spectra are 10Dq = 2.66 eV, Ds = 0.625 eV and Dt = 0.234 eV which are in relatively close agreement with the references 12,18,23,25 . To find the accurate charge transfer parameters, we fixed the charge transfer energy to ∆ = 1.63 eV. This value comes from the interpretation of a ligand-to-metal charge transfer band in the visible absorption spectrum of gas-phase FePc 42 and is consistent with the interpretation of the absorption spectrum of FePc in dichlorobenzene 9,11 .

To determine the values of U pd , the core-hole potential, and U dd , the Hubbard value, we fitted our X-ray PE spectra. It resulted in the charge transfer parameters: ∆ = 1.3 eV, U dd = 5 eV and U pd = -2 eV. ∆ describes the energy needed to transfer one electron from the ligand to the metal atom and U dd as well as U pd represent the Coulomb energy between two 3d electrons as well as a 3d electron and a 2p core electron, respectively. Finally, we used T(b1) = T(a1) = 2 eV and T(b2) = T(e) = 1 eV, where T are the metal-ligand hopping integrals.

Although the discussion of the influence of the substrate on the electron spectra, as compared to the gas-phase measurements, is out of the scope of the present study, we tried to fit our data with the parameters given in the works of Greulich et al. 12 and Stepanow et al. 23 that deal with films of FePc on GeS(100) and Au(111) substrates respectively. We observed that for the first one cited, the agreement with our spectra is only slightly worse than with the parameters used in the present study, which goes along with the choice of Greulich et al. for this substrate as to avoid interactions with FePc. There is, however, a clear difference when using the parameters used in Stepanow et al. where, as they noted, the spin of the substrate couples with the Fe ion.

Results and discussion

Valence spectroscopy and DFT calculations

The experimental spectrum taken at hν=55.64 eV is shown in Fig. 3 (red dots), along with the simulated DOS (black line) and the individual atomic intensities are plotted below as sticks. The simulated spectrum has been normalized over the most intense experimental point. The other features, marked by a star, are dominated by water contribution (blue stars), other peaks (red stars) are either due to other contaminants of the sample or to simultaneous ionized and excited states which are not accounted for in our simulation. We show in Fig. S1 of the supplementary material, the experimental spectrum of the background taken in the same experimental conditions, i.e. oven on but without the FePc. The good agreement between simulated and experimental spectra is an indication that the structure of FePc is properly reproduced by the DFT calculations. Indeed, in Table 1, we summarized the values of our calculations for the distances labeled from "a" to "h" in Fig. 1 and compared them to experimental values obtained with X-ray diffraction 43 . The values presented in Sumimoto et al. 11 and Brena et al. 14 and ∆r max is the maximum deviation between calculated and experimental values, both in Å.

Table 1 Summary of the distances "a" to "h" in Fig. 1 given for the optimized structures of the present work, of Sumimoto et al. 11 and of Brena et al. 14 , as well as the experimental values from Ref. 43 . δ r is the average deviation to the experimental values (see text) and ∆r max is the maximum deviation between a single calculated and experimental values, both in Å.

Expt. 43 Although the three DFT calculations presented in table 1 show comparable agreements with the experimental values and geometric structures being very close to each other, they predict three different descriptions of the electronic GS. We find the GS to be 3 E g (|b 2 2g e 3 g a 1 1g b 0 1g ), Sumimoto et al. 11 found it to be a 3 A 2g (|b 2 2g e 2 g a 2 1g b 0 1g ), while Brena et al. 14 gave a 3 B 2g (|b 1 2g e 4 g a 1 1g b 0 1g ) GS. The origin of these differences in the ground-state configurations is probably due to the fact that the energy levels of the three lowest d orbitals (according to the present calculation, the b 2g orbital is the lowest in energy, but it is separated by only 0.4 eV and 0.44 eV from the e g and the a 1g orbital, respectively, while the b 1g orbital is 2.65 eV higher in energy) are close to each other so that different theoretical approaches may result in different sequences for the three lowest levels.

Moreover, in agreement with Sumimoto et al. 11 , our DFT calculations give similar optimized geometrical structures for the singlet and quintuplet states or even by using a different functional, namely the B97D3 (see table S1 in the supplemental material), as those given in table 1. Furthermore, all calculations give a reasonably good agreement with the experiment spectrum when simulating their DOS spectra (see Figs. S2-S3 of the supplementary material). This is also in agreement with Marom et al. 29 who performed DFT calculations with many different functional and basis sets. In detail, they found for MgPc and FePc that the various simulated DOS spectra match well the valence spectra, although the obtained GS were different.

To summarize, we found that the simulated DOS spectrum related to the DFT calculation done with the B3LYP functional gives the best agreement with the valence spectra, compared to the B97D3 functional. It also describes the triplet state as being more stable than the quintuplet and singlet electronic ones. However, since the agreement of DOS spectra stemming from all the abovementioned DFT calculations with our experimental spectrum is relatively good, it did not seem advisable to us to simply rely on this result and chose to confirm it with the use of shallow-core and core-shell spectroscopies.

Core-hole spectroscopy and multiplet calculations

To determine the electronic structure of the d-orbitals, it is more efficient to probe it directly at the Fe site. This can be done by core electron emission.

In Fig. 4, we plotted the PEY measured around the L 2,3 -edges as red dots. The black solid line is the simulated spectrum using the charge transfer and crystal field parameters described above. To compare with the experimental spectrum, we used two Lorentzian functions of 0.1 (L 3 ) and 0.6 eV (L 2 ) and convolved by a Gaussian function of 0.6 eV to simulate the experimental resolution. The result of our simulation is in fairly good agreement with the experimental spectrum. In particular, it reproduces well the shoulder at low binding energy (≈706 eV) and the spin-orbit energy difference between L 2 and L 3 is also well reproduced. The main discrepancy resides in the tail region which may be due to vibrational progressions (see for instance Ref. 44 ). We did not measure the Fe 2p photoelectrons spectrum of FePc, however in Fig. 5, the experimental spectrum from Bidermane et. al. 21 , reproduced with permission, for thick films (red dots) was used to test the quality of our parameters on these data as well. The result of our simulation is displayed on the same graph as a black solid line and the intensities of each contribution is shown below as black sticks. To match the experimental spectrum, we convoluted the spectrum with two Lorentzian functions of 0.1 and 0.6 eV and a Gaussian function of 0.3 eV. The agreement with the PE spectrum is very good and reproduces well the shoulder at ≈707 eV. In contrast to the cited reference, where the authors included a final state different from the initial one in order to better fit their results, we chose to find a consistent set of parameters that suits all shallow-core and core-shell spectra. In Figure . 6 we present the experimental PE spectrum of the shallow-core level Fe 3p as red dots and the simulated spectrum by a black solid line. Here, we also find a very good match between our CTM calculations, which is convoluted with Lorentzian functions of 0.1 and 0.4 eV of FWHM and a Gaussian function of 0.2 eV, and the experimental spectrum. The Fe 3p photoelectron spectrum, which to the best of our knowledge has never been published before, turned out to be particularly important to determine the parameters that describe the ligand field splitting. where the last two lines correspond to the effect of charge transfer. Therefore the ground state is predominantly of 3 E g symmetry, as was found from our DFT calculation. In both approaches we found the same orbital order, i.e. the b 2g orbital is the lowest in energy, followed by e g , a 1g and b 1g . We find charge transfer to be responsible for ∼26% of the GS, which is a much larger contribution than that reported in Ref. 12 .

As in the article of Carlotto et al. 45 , our calculations show that the energy levels of the three different symmetries 3 E g , 3 B 2g and 3 A 2g are close to each other. However, we found differences in the sequence of states and obtained splittings. In detail, in the Ref. 45 , the GS was found to be the 3 A 2g state separated to the 3 E g and 3 B 2g states by 0.05 and 0.06 eV respectively. In the present study the 3 E g is lower in energy by 0.14 and 0.37 eV than the 3 B 2g and 3 A 2g states, respectively.

To further corroborate our assessment from the CTM calculations, we also simulated the Fe 2p XAS and XPS spectra for the states 3 B 2g and 3 A 2g . The simulated XAS and XPS spectra of the 3 A 2g state do not agree with the experimental spectra. For the 3 B 2g state, the situation is more complex since in this case the simulated XAS and Fe 3p XPs spectra of the 3 B 2g state are very similar to the 3 E g state, which we identified as ground state. In contrast to this, the 2p XPS spectra (Fig. S4 of the supplementary material) shows clear differences in the energy range from 707 to 708 eV, with the simulated spectrum of the 3 E g state being better in line with the experimental spectrum. Secondly, the intensity ratio between the L2 and L3 edges is poorly reproduced for the 3 B 2g state. In summary, only the simulated spectra of the 3 E g state match all experimental data. This is an additional evidence that one needs a consistent analysis of different data sets in order to identify the electronic GS of such complex systems.

The configuration given by the CTM and the DFT calculations, respectively |b 1.73 2g e 3.13 g a 1.25 1g b 0.15 1g and |b 1.97 2g e 2.93 g a 1.01 1g b 0.62 1g , compare well to each other. In case of the DFT calculation, the result shows that 6.53 electrons are located on the Fe 3d orbitals, this is also in relative agreement with the 6.26 electrons found by the CTM calculation. However, a difference resides in the fact that in case of the DFT calculation almost all of the charge is transferred from the lone pairs of the N atoms go the b 1g orbital, while it is predicted by the CTM calculation to be evenly distributed between a 1g and b 1g orbitals. This difference between both results probably lies in the fact that for the latter, we define the metal atom in a certain degree of oxidation (+2 in the present study) and the molecular environment is considered only as a perturbation to the free ion's Hamiltonian.

Conclusion

We have performed PE and PEY measurements at various edges of the FePc molecule and complemented them by DFT and CTM calculations in order to simulate these spectra and, in turn, identify the GS of the isolated molecule. Our approach consisted in finding a consistent description able to reproduce the corpus of available data. We observed that valence photoelectron spectroscopy is less sensitive to the exact GS, since different structures and spin-states can provide simulated spectra that all reasonably match the experimental one. This result can readily be understood by the fact that with valence photoelectron spectroscopy, the entire molecule is probed. In contrast to this, inner-shell PE spectra that are direct probes of the centered-metal atom, which is a crucial step to identify the GS. By comparing the PE spectra at the 2p and 3p edges as well as the PEY around the 2p resonances and by fitting them with the same crystal field and charge transfer parameters, we were able to identify that the GS of FePc to be of 3 E g symmetry and find that the charge transfer between the Fe atom and its N atoms neighbours has to be taken into account.

Fig. 2

 2 Fig. 2 Representation of the symmetry effect on the 3d orbitals. For a spherical symmetry the 5 3d orbitals have the same energy, in an octahedral symmetry (O h ), there is a degeneracy splitting into two different levels e g and t 2g separated in energy by ≈ 10 Dq. When the symmetry is further lowered to the D 4h point group, the d orbitals are futher separated into 4 different levels named b 1g , a 1g , e g and b 2g . In this case, two distorsion parameters Ds and Dt describe the splitting between the levels.

Fig. 3

 3 Fig. 3 Valence photoelectron spectrum measured at hν = 55.64 eV (red dots) along with a simulation using the density of states which is represented as a black solid line. The intensities of each individual molecular orbital is indicated by the stick lines. The blue stars indicate contributions of the background which is mostly due to water contributions. Red stars correspond to feature that may belong either to other contaminants of the sample or to simultaneous ionized and excited states not accounted for by the DOS simulation.

Fig. 4

 4 Fig. 4 The partial electron yield (red dots) in the photon energy range from 703 to 724.5 eV. The parameters used to plot the simulated XAS spectrum (black solid line) are detailed in the main text. The intensities of the simulated spectrum are indicated with black sticks.

Fig. 5

 5 Fig. 5 XPS spectrum at the Fe L 2,3 edges measured (red dots) by Bidermane et al. 21 and reproduced here to test our CTM parameters. The result of the calculation is plotted as a black solid line and the intensities of each contribution are plotted as stick lines underneath.

Fig. 6

 6 Fig. 6 Fe 3p XPS spectrum measured at hν = 100 eV. The red points correspond to the experimental spectrum, while the black solid line is the calculated spectrum. The individual theoretical intensities are plotted as stick lines below the graph.
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