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I. INTRODUCTION

Antiperovskites, also known as inverse perovskites, possess the same crystallographic structure as normal perovskites, but with cations and anions having inverted their positions [1].

Following the fame of normal perovskite compounds and the increased richness of their interface and surface properties in nanostructures [2][3][START_REF]The interface is still the device[END_REF],

it is now considered that studying antiperovskites could enable to enlarge again more the range of applications [5,6] and of material candidates to display fundamental quantum properties, such as superconductivity [7] or topological electronic structures [8][9][10]. Understanding, functionalizing and optimizing these properties in a new class of materials requires extensive efforts to characterize their heterostructures and to develop an engineering of defects, surfaces and interfaces [11].

First-time grown in 1980 [12], Sr 3 SnO is a good example of an antiperovskite that shows good promises.

It has been predicted to be a 3D Dirac semimetal with a band structure having 6 Dirac cones along the Γ-X directions [13]. This material is formerly classified as a topological crystalline insulator [14,15], that is, it displays surface states in the gap which are preserved by crystal inversion symmetry [16], or as a higher-order topological insulator displaying hinge states [17]. Recently, a superconducting behavior below a temperature T 5 K has been evidenced in Srdeficient Sr 3 SnO antiperovskites [18][19][20] and some hints of a ferromagnetic ordering have been attributed to the possible presence of oxygen vacancies [21].

Sr 3 SnO possesses a perovskite structure with Sn 4- and O 2-anions occupying respectively cuboctahedral and octahedral atomic sites, formed by the sublattice of Sr 2+ cations [22]. The anionic nature of Sn elements has been evidenced by Mössbauer spectroscopy in both stoichiometric and Sr-deficient Sr 3 SnO compounds [20].

44

It has also been confirmed by x-ray photoelectron 45 spectroscopy (XPS), while some signatures of neutral

46
or cationic Sn atoms near the surface were also 47 evidenced [22]. This finding can be related to the report 48 of possible closely-neutral Sn ions in the vicinity of a 49 Ca 3 SnO surface [23]. vectors, for a supercell with 1 × 1 lateral dimensions.

144

Bader charges have been calculated using the Bader 145 charge analysis code described in Ref. [37]. 507
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In Fig. 9 and Table I Using the formula given in Ref. [22], it is possible to calculate core-level shifts (CLS) from the CLEs, which correspond, in this case, to the difference of binding energies between Sn-3d states in Sr Proposed diagrams showing the charge reconstruction at the four perfect or defective surfaces. The thickness of the arrows is approximately related to the amount of charges (electrons ("e") or holes ("h")) involved in the reorganization. The formal electric charges given on the right side of each atomic layers are approximated values before and after the electronic reconstruction (neglecting the charge extension away from the surface). The electronic reconstruction at the defective surfaces (b) and (d) may be explained relatively to the perfect surfaces (a) and (c). Green, orange and red squares represents the amount of Sr, Sn and O atoms. It is assumed that we consider a symmetric slab. Only a limited number of layers of a half of the slab is shown for the sake of simplicity.

re-distributed inside the structure and to either spread More surprisingly, the SrSn 0.5 surface is also found to be nonmagnetic, while containing Sn vacancies, which may indicate a more complex physics, related with the fact that occupied Sr-d bands are located in the subsurface layer and not at the surface. Sr 3 SnO is not the first d 0 oxides which would exhibit ferromagnetism, as other examples have been studied and the subject of debate for several years now. We can first cite the example of the famous LaAlO 3 /SrTiO 3 , in which a ferromagnetic state has first been evidenced in 2007 [44]. Some studies have suggested that it may result from the presence of localized 3d gap states induced by the presence of defects [45,46]. If the exact origin of the magnetic ordering at this interface is subject to debate, it has been noticed both the TiO 2 and SrO interface terminations can display ferromagnetism [47].

The physics of magnetic d 0 systems has often been compared with the establishment of ferromagnetism in diluted ferromagnetic semiconductors (DMS). Induced ferromagnetic ordering has been already reported or predicted in other dopant-free (i.e. without the addition of impurities) bulk materials such as TiO 2 , SrTiO 3

or ZnO [48,49], but also in compounds presenting less localized unoccupied 4d or 5d orbitals, such as α-PbO, In 2 O 3 , SnO 2 , ZrO 2 or HfO 2 [49][50][51][52][53][54][55][56]: In general, the magnetic ordering is obtained by either changing the stoichiometry, by adding interstitials or vacancies, and/or by considering surfaces or confinement effects; while electron-doped materials result in partially filled d orbitals, filling oxygen p orbitals with holes may also induce ferromagnetism [50,57]. The case of oxygendeficient ZrO 2 is particularly interesting, as it has been shown that the ferromagnetic ordering was more likely to form in thin films or nanoparticles. Albanese, et al. [55] demonstrated that in nanoparticles the magnetic state only forms if the number of low-coordinated Zr atoms is sufficient in regard to the number of excess and available charges. They also found that the ferromagnetic ordering is favored by the hybridization between the gap states and the bands at the bottom of the conduction bands. Applied to our system, such explanation could match with our observations. d. Other surfaces: Finally, even if other surface terminations are predicted to be less stable, we cannot discard that they could be obtained. It is important to keep in mind that growth mechanisms rely on out-of-equilibrium processes and that our calculated results are given for a specific exchange-correlationenergy functional. In addition, post-treatment like chemical treatments or post-annealing could be used to select a specific termination. In particular, we can mention the surface with a SrSn termination and an oxygen vacancy in the subsurface layer, which could be grown in oxygen-poor conditions, or the Sr 1.5 O termination, which possess Sr vacancies with a relatively low formation energy [See Table IV] and calculated CLSs ( -1.05 eV) which also match with the above-mentionned experimental measurements [22]. 892 lower than the experimental parameter of 5.12 Å [12].

896

If the spin-orbit interaction is switched-off, the band 897 structure of bulk Sr 3 SnO shows that a band with a 898 Sn-p y + ip z character crosses the Fermi level in the Γ-899 X, Γ-M and Γ-R directions . As reported in Ref. [13] 900 and shown in Fig. 11, when including the spin-orbit Electronic structure of bulk Sr3SnO calculated with the PBESol functional and the spin-orbit interaction: (a) Band structure for which the high-symmetry points have the coordinates Γ(0, 0, 0), X( 12 , 0, 0), M( 1 2 , 1 2 , 0) and R( 1 2 , 1 2 , 1 2 ), (b) LDOS. The contribution of each atom are highlighted with colors.

We also tested the influence of the exchange- This method is explained in the following for a general The conditions for the bulk antiperovskite to be stable 1101 are given by the following identity:

∆ f H (X 3 YZ) = E bulk X3YZ - i N i E bulk/gas i ( 
1102 3∆µ X + ∆µ Y + ∆µ Z = ∆ f H B (X 3 YZ) (D2)
with ∆ f H B the formation enthalpy of the bulk 1103 antiperovskite, and by the following equations, which 1104 need to be verified in order to avoid any competitive 1105 phase to form: in Refs. [START_REF] Heifets | Thermodynamics -interaction studies 1363 -solids, liquids and gases[END_REF] and [START_REF] Osorio-Guillén | [END_REF]. Red and blue lines correspond to the constrain given by Eq. D3, blue and red colors means that Sr3SnO is stable respectively below or above the given limit. This allows to define the stability domain delimited by the solid lines.

1106 n x ∆µ X + n y ∆µ Y + n z ∆µ Z ≤ ∆ f H B (X x Y y Z z ) (D3)

Surface energy 1127

Considering a slab formed by a symmetric layer with 1128 two identical surfaces, we express the surface energy γ S :

1129 γ S = 1 2A E S - i N i µ i (D4)
with E S the total energy of the slab of X We calculated the effect of vacancies in bulk supercells.

N i E(i) -N O ∆ f H B (Sr 3 SnO) β = 3N O -N Sr ζ = N O -N Sn ( 
The energies of formation, summarized in Table III, show that it is difficult to calculate an accurate energy for individual defects and that they strongly depend on the supercell size.

As calculated previously by Batool et al. [30], we found that a Sn vacancy induces the appearance of a ferromagnetic ordering by populating Sr-4d bands: We calculated a total magnetic moment of 1.04 µ B , which is comparable to the value of 1.28 µ B given in Ref. [30] and to the value calculated for the surface, i.e. 0.84 µ B . This magnetic ordering is weak and is likely to be destroyed by the addition of defects at the surface. In the case of the bulk calculations, we found that it only appears for a very high content of vacancies, that is for the smallest supercell with 2 × 2 × 2 dimensions. IV. Formation energies of defects E d at the Sr3SnO(001) surfaces. The calculations have been performed using Eq. D6 and with the variations of chemical potentials corresponding to the middle of the Sr3SnO stability domain given by the black cross in Fig. 15, i.e. ∆µSr = -0.341 eV, ∆µSn = -1.440 eV and ∆µO = -5.484 eV. The defect "+O corresponds to an oxygen adatom located either in the surface layer (S) on top of the subsurface Sn atom, or initially on top (S+1) of a surface Sr atom. For the (2 × 1), there is two non-equivalent Sr atom (labeled "1" and "2"), which are respectively aligned with the oxygen atoms along the [010] and [100] directions (the [010] direction being twice shorter than the [100] direction, this may explain why the Sr1 vacancy is less stable than the Sr2 vacancy). 
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FIG. 1 .

 1 FIG. 1. (a) Symmetric and non-stoichiometric (1 × 1 × 10.5) slab with two non-equivalent Sr2O-terminated surfaces and (b) Asymmetric and stoichiometric slab with a Sr2O surface (S). The distance between the two atomic layers at the opposite surface is fixed to the bulk interplane distance.
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 111 Fig. 1(a).

Fig. 3 ,FIG. 3 .

 33 FIG. 2. (a) and structure calculated with a symmetric slab andnonmagnetic Sr2O-terminated surfaces The size of the colored circles is proportional to the contribution of each surface atom: On the left panel, the colors correspond to the [Sr]O (green), O (red), [Sr]Sn (cyan) and Sn (orange) atoms the nearest from the surfaces, while on the right pannel, we display a zoom with the detailed of the surface Sn-p bands contributions around the Γ point. (b) Layer-resolved densities of states (LDOS).

277FIG. 4 .

 4 FIG. 4.Band structure of the perfect Sr2O-terminated surface calculated with the spin-orbit interaction and for a magnetic state. a) The contribution of the atoms of the surface is given by the colored circles following the same color code than in Fig.2. b) The sign of the spin projection sz (with the quantization axis z along the [001] direction) on the band structure and c) the corresponding spin density is given in red for positive values and blue for negative values.

368c.

  Spin textures As for the Sr 2 O-terminated surface, 369 the spins at the SrSn surface are orientated in-plane 370 and along a direction perpendicular to the wavevector 371 k. Using an asymmetric slab induces the appearance 372 of Rashba-like spin splittings, the values of which have 373 been calculated using the spin-projected band structures 374 of Fig. 6(a) and are given in Table II in Appendix B. 375 We can notice that these values are of the same order of 376 magnitude than for the other surface termination. Also 377 similarly to the Sr 2 O surface, we can see from the spin 378 textures presented in Fig. 6(b) again mostly a linear 379 Rashba behavior related to tangential spins around the 380 X and M points, while cubic contributions are expected 381 to be responsible of the deviation from this behavior near 382 the Γ point. Large increase of the spin splitting can be 383 noticed on the spin textures, for wavevectors for which 384 the bands (i) and (ii) are the closest one from each other.

FIG. 6 .FIG. 7 . 4 FIG. 8 .Sr 3

 67483 FIG.6. Spin configurations at the SrSn-terminated surface as calculated with an asymmetric slab: (a) Spin-projected band structures and (b) Iso-energy projections in the 2D 1 st Brillouin zone, with the associated spin textures. Blue and red colors help to distinguish between the two splitted bands with opposite spin directions. Grey lines correspond to bands for which the atoms at the considered surface do not contribute.

520 5 FIG. 9 .

 59 FIG. 9. Variation of the 3d core level energies ε Sn,3d as a function of the position of the Sn atom in regard to the surface layer (S). The colored dotted lines indicates the averaged CLS ε Sn,3d .

3

 3 FIG. 10.Proposed diagrams showing the charge reconstruction at the four perfect or defective surfaces. The thickness of the arrows is approximately related to the amount of charges (electrons ("e") or holes ("h")) involved in the reorganization. The formal electric charges given on the right side of each atomic layers are approximated values before and after the electronic reconstruction (neglecting the charge extension away from the surface). The electronic reconstruction at the defective surfaces (b) and (d) may be explained relatively to the perfect surfaces (a) and (c). Green, orange and red squares represents the amount of Sr, Sn and O atoms. It is assumed that we consider a symmetric slab. Only a limited number of layers of a half of the slab is shown for the sake of simplicity.

646 1 .

 1 in the entire slab by populating bulk bands, or to be 647 equally localized at the two surfaces, leading to (Sr 2 O) + 648 or (SrSn) -terminations, this in order to preserve the 649 electrical neutrality. A different mechanism involving 650 charge transfer between the two different surfaces would 651 settle if we used an asymmetric slab instead, but 652 equivalent results are obtained for the perfect surfaces, 653 as discussed in Appendix B. 654 For each surface, the main conclusions are summarized 655 in Fig. 10 and explained below: 656 In the case of the electron-doped Sr 2 O-terminated 657 surfaces, an extra electron per f.u. is partly 658 localized at the surface and will mostly populate 659 the partially-occupied gap states, as it can be seen 660 in the DOS and band structures of Fig. 2. These 661 surface bands have mostly a contribution coming 662 from 4d orbitals of Sr atoms, as witnessed by the 663 lower oxidation degree, but also of p orbitals of 664 Sn atoms in further atomic layers. The electron 665 localization in surface Sr-4d orbitals can lead to 666 the stabilization of a magnetic state, with a total 667 spin magnetic moment of 0.84 µ B /surface f.u. As 668 proposed in Fig. 10(a), in first approximation, that 669 is, if we omit partial charges occupying some bulk 670 Sn-p bands, the localization of the extra electron 671 would then turn the [Sr 2 O] 2+ surface layer into 672 [Sr 2 O] + . The electron doping can originate from almost completely filled, suggesting some charge 722 localization near the surface, with a mixed Sn-p and 723 [Sr] O -d character, as a function of the considered 724 wavevector. First, it is important to note that the 725 occupied Sr orbitals are those of Sr atoms of the 726 subsurface layer (S-0.5) and not of the surface layer 727 (S). The electronic reconstruction indeed does not 728 involve the surface atomic layer, which is predicted 729 to be electrically neutral, in agreement with the 730 calculated value of the CLE of surface Sn ions 731 (which is close from the averaged values calculated 732 for the other surfaces). The band structure also 733 shows that the bottom of the bulk conduction 734 bands is crossing the Fermi level, inducing a total 735 closure of the band gap at the Γ point, which would 736 indicate that the remaining electron is transferred 737 to the bulk. This occupation of bulk states is 738 consistent with the calculated Sn CLEs in the 739 center of the slab, which tends to a lower value 740 in the center of the slab than the three other 741 surfaces. In this scenario, both bulk and surface 742 states are expected to participate to transport 743 properties. As shown in Fig. 10(d), we thus propose 744 a scenario in which the Sn vacancies at the surface 745 are transferring charges mostly to the first-neighbor 746 Sr 2 O layer, but also partly to other inner layers. 747 To summarize, we proposed 4 different surfaces, 2 748 being hole-doped (with SrSn and Sr 2 O 1.5 terminations) 749 and the 2 others being electron-doped. For every 750 interface, we observed clear surface states in the band gap 751 of Sr 3 SnO and which cross the Fermi level. These bands 752 tend to spread away from the surface for wavevectors 753 close to the Γ points, while they are associated with 754 carriers more confined in the surface layer for wavevectors 755 near the X and M points, in particular when they involve 756 4d orbitals. The characterization of such surface states as 757 topological states would require a deeper analysis, which 758 is beyond the scope of the present paper. We can however 759 notice that the calculated states are crossing the Fermi 760 level and are joining the bulk valence and conduction 761 bands near the Γ point, as expected for topological 762 states. These states may also look like projected states 763 calculated with a DFT+tight-binding method by Chiu, et 764 al. [15], who also predicted the possibility that such states 765 would experience spin splittings. Finally, we showed 766 that these lifts of degeneracies require the presence of 767 the spin-orbit interaction, which is not the case for 768 these surface states to exist, a property which has also 769 been demonstrated in the case of topological crystalline 770 insulators [16]. 771 c. Magnetic state: An important point in our results 772 is that we demonstrated that the 2DEG could be spin 773 polarized, with the formation of a FM ordering. The 774 stabilization of such magnetic ordering is consistent with 775 earlier theoretical report of a magnetic state in Sn-776 deficient bulk Sr 3 SnO [See Ref. [30] and Appendix D 3]; 777 indeed, our symmetric slab with two equivalent Sr 2 O 778 surfaces also corresponds to a Sn-deficient structure 779 with one missing SrSn(001) atomic layer. However, it 780 is not probable that such ordering would remain at 781 room temperature. It seems moreover clear from our 782 calculations that it is not robust versus the presence of 783 atomic defects or any change of the surface termination.
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  Sr vacancies are particularly interesting because they 843 are associated with the emergence of a superconductive 844 behavior for a temperature below 5 K and resulting from 845 hole doping. In their study, Oudah, et al. [18], proposed 846 that Cooper pairs could have either a pure p-p orbital 847 character or a mixed p-d character. According to our 848 calculations, at least in the vicinity of a Sr-deficient 849 surface, we expect the bands crossing the Fermi level850 and being doped by holes, to possess mostly a pure p To summarize, we performed a study, as complete as 854 possible, of the Sr 3 SnO(001) surface states. We identified 855 different surface terminations, which could be stable 856 depending on the growth conditions, and we predict that 857 SrSn-terminated surfaces are more likely to be obtained 858 using suitable conditions for the growth of the Sr 3 SnO 859 antiperovskite. 860 We detailed the electronic properties of four 861 terminations, which are the perfect Sr 2 O and SrSn 862 terminations and the (2 × 1) reconstructed Sr 2 O 1.5 and 863 SrSn 0.5 surfaces. Each surface displays clear gap states 864 with a strong surface contribution around the X and 865 M wavevectors, indicative of a two-dimensional carrier 866 localization, which could lead to the emergence of a two-867 dimensional system. We found that electronic or atomic 868 reconstruction favoring electron transfer to the surface 869 induce the presence of mixed Sn-p and Sr-d states, while 870 hole transfer implies that only pure p states will cross the 871 Fermi level. 872 Finally, we found that in the case of a perfect Sr 2 O 873 termination, the surface could host a ferromagnetic 874 ordering, due to the occupation of the Sr-4d orbitals. 875 This ordering is however not expected to be robust as 876 we have shown that it can be destroyed by the addition 877 of defects. On the contrary, the lack of spatial inversion 878 symmetry induced by the surface, is suitable to the 879 appearance of Rashba-like spin splittings, which could be 880 another interesting feature of this interface, as it could 881 be used in applications based on spin-to-charge current 882 conversions. 883 ACKNOWLEDGMENTS 884 This study has been partially supported through 885 the EUR Grant NanoX No. ANR-17-EURE-0009 in 886 the framework of the Programme des Investissements 887 d'Avenir. H.J., C.P. and L.B. thank the Vannevar 888 Bush Faculty Fellowship (VBFF) from the Department 889 of Defense. This work was granted access to the 890 HPC resources of CALMIP (Allocation No. 2020-891 2021/P1229).

  FIG. 11.Electronic structure of bulk Sr3SnO calculated with the PBESol functional and the spin-orbit interaction: (a) Band structure for which the high-symmetry points have the coordinates Γ(0, 0, 0), X(12 , 0, 0), M( 1 2 , 1 2 , 0) and R( 1 2 , 1 2 , 1 2 ), (b) LDOS. The contribution of each atom are highlighted with colors.

909 correlation functional on the bulk electronic properties 910 of Sr 3 LaAlO 3 /FIG. 12 .FIG. 13 . 9 .

 9103312139 FIG. 12.Band structure calculated with the spinorbit interaction for the (a) Sr2O-terminated and (b) SrSnterminated surface. The same color code is applied as in Fig.2. When comparing with the band structure of Fig.2and 5, we can see that additional bands appear, which are the result of the presence of the second, non-equivalent and non-physical, surface, for which the atomic layers are fixed to the bulk positions.The mechanisms explaining the calculated charge redistribution are then different depending on the slab geometries, but the charge redistribution can be nonetheless comparable for both configurations. As it can be seen by comparing Figs.2(a) and 12(a) or Figs. 5(a) and 12(b), the band structures calculated for both geometries appear indeed similar; the crossing of the gap states with the Fermi level happens at almost the same values of wavevector for both structures and the band dispersions look similar, which suggests that an almost equal amount of charges is localized near the surface, independently of the chosen structure. This is confirmed by the Bader charges calculated for the Sr atoms located at the Sr 2 O or SrSn-terminated surface, which are respectively 1.00 e or 1.26 e, in the asymmetric slabs. The CLE ε SSn,3d is also almost the same for both slabs at the surface, that is respectively 0.17 eV and 0.14 eV, while the average over the whole slab differs because of the second surface, which induces the presence of a residual internal electric field, as it can be seen

FIG. 14 .

 14 FIG. 14.Band structure calculated without the spinorbit interaction for the (a) Sr2O-terminated and (b) SrSnterminated surface. The same color code is applied as in Fig.2.

1087X 3

 3 YZ perovskite compound and then applied in the 1088 specific case of Sr 3 SnO. 1089 1. Enthalpy of formation of bulk Sr3SnO 1090 antiperovskite 1091The enthalpy of formation ∆ f H of an antiperovskite 1092 of formula X 3 YZ can be expressed as:

  1093

1117 2 FIG. 15 .

 215 FIG.15. Stability phase diagram of bulk Sr3SnO oxide. Red and blue lines correspond to the constrain given by Eq. D3, blue and red colors means that Sr3SnO is stable respectively below or above the given limit. This allows to define the stability domain delimited by the solid lines.

1154

  calculations and we also checked that, by varying the slab 1155 thickness, we have a precision of 5 meV on the surface 1156 energy. Another critical point, which is standard in 1157 DFT calculations, arises from the choice of the exchange-1158 correlation functional. In particular, it has been pointed 1159 out that the binding energy of the O 2 molecule may be 1160 overestimated [71, 72], which would justify the need to 1161 correct the chemical potential of oxygen atoms by shifting 1162 its value. If applying such correction would change the 1163 calculated formation energies of Sr 3 SnO, the chemical 1164 potential of the oxygen atoms does not appear in the 1165 equation D5. Since different surface energies can display 1166 very close surface energies, depending on the growth 1167 conditions, we can in any case expect that different 1168 terminations will be present in real samples, explaining 1169 why we decided to compare different terminations.

1170 3 .

 3 Energy of defect formation 1171 Another way to describe the previously mentioned 1172 surface terminations is to consider that they correspond 1173 to the association of a perfect surface termination with 1174 point defects. It is thus possible to define an energy of 1175 formation of the defect, which is expressed as a function 1176 of the energy of the slab or bulk supercell: 1177E d = E sd -E sp + i N i µ i (D6)TABLE III. Formation energies of defects E d calculated using the values: ∆µSr = -0.341 eV, ∆µSn = -1.440 eV and ∆µO = -5.484 eV. For information, we also provide the averaged Sn-3d CLSs calculated with the 3 × 3 × 3 supercells. Surface dimension Type of defect E d ∆ε Sn,3d (eV/defect)with E sd and E sp the energies of the supercell respectively with and without the defect, and µ i = E bulk/gas i + ∆µ i . With this new equation again, the formation energy E d depends on the chosen values of the chemical potentials; taking the same averaged values as previously, we can then obtain the formation energies given in Table III and IV. a. Formation of point defects in the bulk compound:

b.SrFIG. 16 .

 16 FIG. 16. Optimized atomic structure (side and top view) of the defective surface: (a) and (b) represent respectively the √ 2 × √ 2 R45°and (2 × 1) Sr2O1.5 surfaces, i.e. surfaces with a Sr2O termination and an additional oxygen atom located in an interstitial position of the surface layer (S), (on top of a Sn atom from the subsurface layer (S-0.5)); (c) corresponds to a (2 × 1) SrSn surface with a Sn vacancy.

TABLE I .

 I , we provide the variation in the Sn-Calculated properties of the Sr3SnO(001) surfaces: Surface and averaged core-level shifts ∆ε Sn,3d and oxidation degrees estimated from the Bader charges for the Sr atoms in the surface layer. For a given defect, the calculated values are given for the structures with the lowest total energies [See AppendixD 3].

	Structure ∆ε S Sn,3d ∆ε Sn,3d Q S Bader (Sr)
		(eV)	(eV)	(e)
		Bulk	
	Perfect	-	0	+1.24
		Sr2O termination	
	Perfect (NM) 0.011	0.072	+0.98
	Perfect (FM) -0.098 -0.015	+1.08
	+ 1 2 VSr	0.154	0.097	+1.28
	+ 1 2 VSn	-0.269 -0.182	+0.81
	+ 1 2 VO	-0.095 -0.046	+0.69
	+ 1 2 O	0.165	0.100	+1.14
		SrSn termination	
	Perfect	0.338	0.205	+1.30
	+ 1 2 VSr	0.438	0.250	+1.31
	+ 1 2 VSn	0.120	-0.054	+1.15
	+ 1 2 VO	0.307	0.137	+1.26
				508
				509	3d CLE across the different layers, referenced to the value
				510	in bulk Sr 3 SnO, i.e. ∆ε Sn,3d = ε layer Sn,3d -ε bulk Sn,3d . Overall,
				511	the CLEs do not deviate by more than a few hundred
				512	of meV from the value for anionic Sn in bulk Sr 3 SnO,
				513	showing that anionic Sn remains stable and does not
					undergo a drastic change in valence state. Nevertheless,

514 the small but systematic shifts in the Sn 3d CLEs across 515 the different layers of the various slabs shed light on how 516 charge is redistributed for the different surfaces. Similar 517 to CLE shifts computed for surfaces of various transition 518 metals [42], when small amounts of electrons (holes) are 519 transferred to the Sn atoms, the extra potential rigidly

TABLE II .

 II Effective masses m * and spin splitting parameters a and b calculated for the bands of energy E, the closest from the Fermi level at the X and M points.

	Direction E -EF m *	a	b
		(eV) (m0) (eV Å) (eV Å3 )
		Sr2O termination	
	X→Γ	0.042 -0.54 0.10	-2.2
	X→M	0.042 1.34	0.16	-1.6
	M→X	0.606 -0.23 0.07	0
	M→Γ	0.606 -0.33 0.08	-0.33
		SrSn termination	
	X→Γ	-0.077 4.04 0.04	0.47
	X→M	-0.077 -2.03 0.21	-1.68
	M→X	0.204 -0.69 0.05	-1.42
	M→Γ	0.204 -0.88 0.05	-2.48
	it is possible to fit the difference between the energy
	of the two bands of opposite spin ∆E ± as a function
	of the wavevector k by a third order polynom, such as
	∆E			

± (k) = a • k + b • k 3

[63]

. Around the M point of little point group C 4v , the coefficient a corresponds to the linear Rashba coefficient multiplied by a factor 2 and the cubic term b can be decomposed into two terms [namely γ and γ in Ref.

[64]

]. The spin-splitting values fitted from our calculations around the X and M highsymmetry points are summarized in Table

II

. If the values of each coefficient remain modest, it can be noticed from the band structures that the spin splittings are enhanced in the vicinity of band anti-crossings. Interesting spin splittings can also be noticed near the Γ point, but due to the higher number of bands, mixing surface and bulk states, their analysis is more complex.

  Y=Sn , ∆µ X=Sr ) for which Sr 3 SnO can Sr and ∆µ Sn through the relation of Eq. D2.

	1107	It is then possible to calculate a phase diagram, as
	1108	proposed in Fig. 15, in which we can identify the couple
	of values of (∆µ 1109
	1110	be formed. In particular, knowing ∆ f H (Sr 3 SnO) from
	1111	Eq. D1, it is possible to notice that ∆µ O is always
		bound to ∆µ

1112 Moreover, the variation of chemical potential of the 1113 oxygen atoms ∆µ O can be related to the experimental 1114 growth conditions, i.e. the temperature T and the 1115 pressure P , using thermodynamical models as proposed 1116

718

electron per surface f.u., as for the perfect Sr 2 O

termination. The band structure in Fig. 8(b)

shows indeed that one surface gap state is In this section, we provide the band structures calculated for the two perfect surface terminations without the spin-orbit interaction; the band structures of to understand the effect of this interaction.

Appendix D: Surface formation energy

The method used to calculate the surface formation energy [65,[START_REF] Heifets | Thermodynamics -interaction studies 1363 -solids, liquids and gases[END_REF]