Agnes Mahmoud 
  
Pierre-Marie Deleuze 
  
Celine Dupont 
email: celine.dupont@u-bourgogne.fr
  
The nature of the Pt(111)/α-Fe 2 O 3 (0001) interfaces revealed by first-principles

). The effect of the strain on clean hematite surfaces due to the lattice mismatch between the substrate and the overlayer is included in the analysis. Among the possible adsorption configurations, bridge sites are unstable, while the most favorable configurations are the ones at hollow sites. The stability of the interfaces is not only influenced by the termination of the overlayer but also by the degree of its structural relaxation and the relative position of the first layer of O atoms in hematite with respect to Pt. To elucidate the different nature of the two terminations of the overlayer on Pt, projected density of states and 3D charge density difference plots are also discussed.

I. INTRODUCTION

Metal-oxides have attracted much attention in the last decades and still play an important role in the development of novel electrochemical devices as they are promising functional materials for photoelectrochemical (PEC) water splitting. [1][2][3][4][5] Hematite (α-Fe 2 O 3 ) has been considered to be one of the most promising photoanode due to its favorable band gap (∼ 2.2 eV) for visible light absorption, exceptional stability, low cost, and natural abundance. 6 Despite all these positive aspects, it has low conductivity, high recombination rate and external bias is needed to promote water splitting due to the improper conduction band alignment. 7 Several strategies have been addressed to compensate such drawbacks including elemental doping attempts, [8][9][10][11][12][13] complex heterostructure fabrications [14][15][16] and nanostructuring to improve charge transport properties. 17,18 Several experimental [2][3][4]6,[19][20][21] and theoretical investigations 19,[22][23][24][25][26][27][28][29][30][31][32][33][34][35] have been devoted to unravel the stability and reactivity of α-Fe 2 O 3 (0001) surfaces. A part of the above-mentioned studies have mainly focused on structural characterization of different terminations of such surfaces. 19,20,[22][23][24][25][26]36 Additionally, computational investigations were dedicated to understand water adsorption and dissociation on pure [27][28][29][30]35 , defective 31,32 and doped α-Fe 2 O 3 (0001) surfaces 33,34 at molecular level. However, hematite thin films are rarely used alone, but in a presence of conductive substrates. Pt(111) surface is often used as a substrate for α-Fe 2 O 3 (0001) thin film growth, because it is chemically inert, allows good epitaxy conditions and ensure conductive backcontact to improve the PEC activity in electrochemical devices. 10,21,[37][38][39][40] It is thus mandatory to determine the effect of Pt(111) substrate over hematite. In order to gather information about the chemical, structural and electronic properties in such interfaces, a molecular level investigation is required. Despite numerous studies reported on α-hematite growth, mainly experimental 10,21,37,41,42 , but also some theoretical about sandwiched hematite 39,40 , the substrate-overlayer interface has not been resolved. In particular the termination (Feor O 3 ) of hematite interacted with platinum is not well-known. However, to optimize the use of deposited hematite thin films, it is necessary to know the nature, the stability and the electronic characteristics of the Pt(111)/α-Fe 2 O 3 (0001) interface.

In this work, we present a detailed analysis of the energetics, equilibrium geometries and electronic structures of epitaxially grown Pt(111)/α-Fe 2 O 3 (0001) systems. Both termina-tions of α-Fe 2 O 3 (0001), namely the Fe-and the O 3 -termination, are investigated, in the four possible adsorption sites (top, hcp, fcc, bridge) on Pt(111).

II. METHODS

A. Computational Details

Spin-polarized DFT calculations based on plane-wave basis set of 550 eV cutoff energy were performed with the Vienna ab initio simulation package Vasp. 43,44 The electron-ion interaction was described within the projector-augmented plane-wave (PAW) method. 45 Eight valence electrons were explicitly treated for Fe (3d 7 4s 1 ), six for O (2s 2 2p 4 ) and ten for Pt (5d 9 6s 1 ). For all calculations the general gradient approximation (GGA) with Perdew-Burke-Ernzerhof exchange-correlation functional (PBE) 46 was employed. The DFT+U approach was adopted for the inclusion of the on-site Coulomb repulsion of Fe 3d electrons using the Dudarev approach, 47 with the effective parameter U eff = 4.3 eV.

The Brillouin zone was sampled with a 8 x 8 x 1 Monkhorst-Pack k-point mesh in each heterostructure and gaussian smearing with the smearing width σ = 0.1 was used to improve convergence. For density of states (DOS) calculations a denser k-mesh 16 x 16 x 1 and the tetrahedron method with Blöchl correction was employed. 48 Full structural optimization was carried out until the forces converged below 0.01 eV/ Å.

For hematite sufaces all atoms were allowed to relax, while in the hybrid models the bottom two Pt layers were frozen to the Pt bulk structure. The convergence threshold on total energy was set to 10 -6 eV.

Slab models were applied to describe all heterostructures and their subunits. They were separated from their periodic images by a vacuum region of 20 Å .

In the following, the surface energies per surface area (S) are given by

γ = 1 2S (E slab -E bulk ) = = 1 2S E slab - 1 2 N Fe µ Fe 2 O 3 + 3 2 N Fe -N O µ O (1) 
where E slab and E bulk are the total energies of the slab and the bulk structure, respectively.

The factor 2 accounts for the two identical surfaces. N Fe and N O are the number of iron and oxygen atoms in the slab, respectively. µ Fe 2 O 3 is the chemical potential of bulk hematite per formula unit. The chemical potential of oxygen µ O is calculated as the half of the total energy of an isolated O 2 molecule.

To characterize the interaction between the substrate and the overlayer, interaction energies (per surface unit S) were calculated according to the following equation:

∆E int = E Pt/Fe 2 O 3 -E Fe 2 O 3 -E Pt S ( 2 
)
where E Pt/Fe 2 O 3 is the total energy of the heterostructure, E Fe 2 O 3 is the total energy of the strained α-hematite(0001) overlayer and E Pt is the total energy of the Pt(111) substrate.

B. Structural models

The structural, electronic and different possible antiferromagnetic arrangements of bulk α-hematite have been extensively studied by Rollmann et al. 49 Two really important conclusions were made in this study. Firstly, the inclusion of the Hubbard parameter in DFT calculations is essential to describe the proper O 2p -Fe 3d charge-transfer gap. Secondly, they evidenced that the most stable structure is the antiferromagnetic configuration, which agrees with the experimental studies. This will be thus used in the following (see below).

For the formation of Pt(111)/α-Fe 2 O 3 interfaces, the optimized crystallographic hexagonal unit cell of bulk α-hematite with lattice constants of a 

III. RESULTS AND DISCUSSION

A. The overlayer: α-Fe 2 O 3 (0001) surfaces

During the growth process of thin films, the occurring strain between the substrate and the overlayer needs to be taken into account, since such effect influences the stability of employed. This kind of coincidence cell was also observed experimentally. 10,37 For bulk-like systems can be a crucial point for a better understanding of the growth mechanism and the interfacial stability in such heterostructures.

The theoretical determination of surface stability of different terminations of isolated α-Fe 2 O 3 (0001) surface has been an object of strong interest and is still under discussion mainly due to chemical environmental dependence of the on-site Coulomb interactions. 19,[24][25][26]51,52 In this study (see Section Computational Details for further details), we used a previously successfully applied optimized U eff value for hematite, which predicts ground and excited states properties in good agreement with experiments. 33,36,53 Surface energies computed at GGA+U level 23,24,31,32 suggests that the single Fe-terminated surface is more stable than O 3 -terminated one in a wide range of oxygen chemical potential. We computed the surface energies of the two terminations at oxygen-rich environment (when Let us now discuss the computed structural, electronic and magnetic properties of bulk α-hematite, and of unstrained and constrained α-Fe 2 O 3 (0001) surfaces reported in TABLE I. In FIG. 3. we also report the graphical representation of interplanar relaxations of the unstrained and constrained surfaces of α-hematite comparing with previous experimental 19,20 and theoretical 24 studies. After structural optimization, in the unstrained single Fe-terminated surface, consecutive interplanar distances show a contraction-expansion alternating pattern with respect to the bulk values.

∆µ O = 1 2 E O 2 -µ O (see Eq.
The outmost under-coordinated Fe atom almost relaxes inwards to the O 3 plane, resulting in a contraction of 69 % of the first d Fe-O 3 interlayer distance with respect to the bulk (see also FIG. 1). The interplanar relaxations are mainly manifested between the first 5 layers of the structure, while in the middle planes the bulk values are reproduced. Our computed values are in line with the ones obtained by Kiejna et al. 24 and show a qualitatively good agreement with experimental data 20 (see FIG. 3 a)). The interplanar displacement pattern is not much changed in the constrained Fe-terminated surface. However, due to the compressive strain the outmost iron atom moves towards the surface with respect to the unstrained slab and the introduced strain does not allow to relax the structure to bulk values, but emphasizes the interplanar deviations with additional 7 %, with respect to the bulk values.

In the unstrained O 3 -terminated surface the first layer slightly moves inwards with re- spect to the bulk, this agrees well with the interplanar relaxation calculated by Kiejna et al. 24 However, the experimentally observed data 19 show a large contraction of 67 % of the first layer of the O 3 -terminated surface (see FIG 3 b)). This discrepancy between computed values and experimental data has not yet been elucidated. A significant interplanar contraction appears between the Fe-Fe bilayer close to the surface (d Fe-Fe = 0.241 Å , instead of 0.574 Å in the bulk), which itself induces an interplanar expansion of the consecutive layer (d Fe-O 3 = 1.095 Å ). After all, the interplanar distances relax versus the bulk values. From the second layer the interplanar relaxation shows an overall good agreement with experiments (see FIG 3 b)). Comparing the unstrained and constrained surfaces, the differences for the first three interlayer distances are rather small. However, it becomes more significant approaching the central layers, where the previously mentioned 7 % additional deviation can also be observed.

The change in magnetic moments and electronic structure is highly correlated to the lowcoordinated surface atoms. In the unstrained Fe-terminated surface the magnetic moment of the topmost Fe atom shows only a modest reduction, while in the O 3 -terminated surface the reductions in the Fe-Fe bilayer are more evident. The magnetic moments of the central layers have relaxed towards the bulk value. In the constrained configurations the magnetic ∆E strain refers to the strain energy in meV/ Å2 defined as the energy difference between a relaxed and constrained overlayer per unit area. Interplanar distances and magnetic moments are reported from the surface until the middle of the slabs. Numeration starts from the surface of the slabs. d Fe-O 3 and d O 3 -Fe are the first interplanar distances for Fe-and O 3 -termination, respectively (see also FIG. 1). Values in parentheses are experimentally observed magnetic moment 54 The applied strain affects differently the two terminations of α-Fe 2 O 3 (0001). This is clearly revealed from both the computed strain energies, ∆E strain (see TABLE I) and PDOSs.

The 4.1 % of compressive strain corresponds to an areal strain energy of 76.28 and 41.65 meV/ Å2 in Fe-and O 3 -terminated surfaces, respectively. Even though the O 3 -terminated surface appears to be less stable, it is more resistant to the occurring strain, which is an important factor in heterostructure fabrication. Moreover, changes in electronic structure due to the strain in Fe-terminated surface are more notable (the surface states are more broadened), than in the O 3 -terminated slabs. between the substrate and the overlayer, the outmost Fe atom of hematite induces a Pt-Pt intralayer distance expansion at the hollow sites in the first layer of Pt(111

) (d Fcc Pt-Pt =2.856 Å, d Hcp Pt-Pt = 2.822 Å, d Bulk Pt-Pt = 2.81 Å).
For hematite, the interlayer spacings are reported up to the middle of the overlayer. In all configurations, a significant interplanar expansion takes place between the first two layers of the overlayer. The most stable configuration exhibits the lowest expansion, while approaching the central layers it relaxes towards to values of the constrained subunit optimized without the substrate. Differently, adsorptions on top and at hollow hcp sites show greater expansion in the first two layers and a residual strain manifests up to seventh layer with respect to its constrained counterpart relaxed alone.

In comparison with Fe-terminated hybrid systems, the O 3 -terminated heterostructures (see FIG. 6.) predict significantly lower interaction energies, thus higher stability. The hollow hcp adsorption configuration is the most stable among them followed by the one at the hollow f cc site and the less stable configuration is obtained on the top site (∆E Hcp int = -212.63 meV/ Å2 > ∆E Fcc int = -185.40 meV/ Å2 > ∆E Top int = -102.92 meV/ Å2 ). Upon adsorption on the top site of Pt(111), the "Fe-vacant layer" tries to reproduce the Fe-terminated surface by extracting the "on-top" Pt atom (see FIG. 6.a)), which results in a considerable interlayer reduction between the substrate and the overlayer (d

Pt-O 3 (α-Fe 2 O 3 ) = 1.236 Å ).
The distances between the two subunits in the other two optimized heterostructures are rather similar and the values are lower than in the most stable Fe-terminated heterostructure, which is in line with obtained adhesion energies. In Fe-terminated heterostructures, no significant change or more likely a tiny expansion are observed in first layer of Pt substrate.

However, in the O 3 -terminated interfaces a well-defined interlayer compression can be noticed, while in deeper layers the inteplanar distances with respect to the subunit relaxed alone remain under 1 %. The Fe 2 O 3 overlayer is mainly characterized by expansion of the first two interlayer spacings (d 12 , d 23 ) with respect to the constrained surface optimized solo.

Moreover, the most stable configuration corresponds to the smallest expansion.

So far, we considered the interaction energies in their entirety. However, to describe carefully the interface it can be interesting to introduce the adhesion energy with two components: one related to the strain applied to the overlayer (∆E strain ), the second related to the interaction of the strained hematite with the substrate (∆E int ), leading to: ∆E adh = ∆E strain + ∆E int . In the case of Fe-terminated heterostructures, none of the adhesion energies of the different configurations can compensate the occurring strain energy, ∆E strain = 76.28 meV/ Å2 . On the contrary, each O 3 -terminated systems can overcome the strain energy (∆E strain = 41.65 meV/ Å2 ), since the released energy is higher by absolute value and the occurring strain energy is lower.

Additionally, the cause of the interface stability is also related to the position of the O atoms and the degree of structural relaxation in the overlayer. In the most stable configurations, O atoms arranged on top of the Pt atoms are more favorable (see FIG. II).

To confirm the stability of O 3 -termination of α-Fe 2 O 3 (0001) surface at hematite/Pt interfaces we also performed calculations on a heterostructure with asymmetric hematite slab (Fe-termination on top and O 3 -termination close to the interface) on Pt substrate. The structure was obtained by the removal of the interfacial Fe atom (at hollow f cc Pt site) from the most stable Fe-terminated heterostructure. In this case we obtained an interaction energy of -188.01 meV/ Å2 , and the corresponding strain energy of the asymmetric hematite surface is 53.73 meV/ Å2 . This is clearly indicates that the formation of the heterostructure in question is favorable (∆E adh = -134.28 meV/ Å2 ) and comparing with the other predicted adhesion energies (see TABLE II) the asymetric hematite surface could also represent a competitive solution as an overlayer in hematite/Pt heterostructures.

To explore the change in electronic structure of α- 

IV. CONCLUSIONS

In summary, this work reports a complete investigation of the Pt(111)/α-Fe 2 O 3 (0001) system, to determine the nature of this interface. Heterostructures have been considered for both Fe-and O 3 -terminated surfaces. To analyse the different determining factors, isolated hematite has been first considered, then the influence of the compressive strain induced by the mismatch with the substrate, and finally the electronic effect of Pt(111) on the constrained hematite.

While the Fe-terminated surface is more stable for isolated hematite, the O 3 -terminated one is less sensitive to the strain. Behaviors of both terminations also differ regarding their interaction with the Pt(111) substrate. Both terminations adsorbed preferably on the hollow sites. However the interaction of hematite with Pt(111) is much stronger with the O 3terminated surface than with the Fe-terminated one. Finally as both strain and interaction energies are favorable towards O 3 surface, this results in a large stability for O 3 -terminated heterostructures, while the Fe-terminated ones are unstable.

Thus, this work unravels the nature of Pt(111)/α-Fe 2 O 3 (0001) interface: one can expect an epitaxial growth of O 3 -terminated heterostructures. This represents a first step towards a better understanding of Pt/hematite systems, which will be a crucial point for further studies.
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FIG. 1 .

 1 FIG. 1. Applied structural models of α-Fe 2 O 3 (0001) surfaces. Side [a), b)] and top view [c), d)] of 18-layers Fe-terminated and 19-layers O 3 -terminated surfaces, respectively. Red spheres denote O atoms, while blue and golden yellow spheres stand for Fe atoms. The two different color of Fe atoms represent the most stable antiferromagnetic ordering in α-hematite.

  FIG. 2. In-plane lattice parameters of Pt(111) and α-Fe 2 O 3 (0001) surfaces [a), b)] used in the predicted Pt(111)/α-Fe 2 O 3 (0001) heterostructures [c)]. Grey spheres stand for Pt atoms, red spheres denote O atoms, while blue and golden yellow spheres represent Fe atoms. The two different color of Fe atom emphasize the antiferromagnetic configuration in the structure. In-plane lattice parameters of Pt(111) and α-Fe 2 O 3 (0001) surfaces are denoted as a Pt , b Pt and a Fe 2 O 3 b Fe 2 O 3 , respectively. The lattice parameters of the Pt(111)/α-Fe 2 O 3 (0001) heterostructure are represented by a 0 and b 0 .

α-Fe 2 O 3

 23 (0001) surface, the bidimensional lattice parameters are a Fe 2 O 3 = b Fe 2 O 3 = 5.066 Å . Matching the α-Fe 2 O 3 (0001) surface with the Pt(111) substrate requires that a 0 = b 0 = a' Fe 2 O 3 = a Pt = 4.863 Å , where a 0 and b 0 are the lattice parameters of the heterostructure and a' Fe 2 O 3 is the lattice parameter of constrained hematite surfaces. As a consequence, the applied smallest possible coincidence cell induces a 4.1 % of compressive strain in α-Fe 2 O 3 (0001) surfaces (see FIG.2).Before getting into the details of the structural and electronic properties of Pt(111)/α-Fe 2 O 3 (0001) heterostructures, let us discuss first the structural and electronic properties of α-hematite(0001) surfaces alone and their constrained counterparts. In the following, unstrained hematite surfaces refer to slabs cut directly out from the bulk structure and constrained configurations are the ones with the unit cell fixed at the Pt(111) substrate parameters. Huang et al.26 summarized the experimentally observed and theoretically predicted surfaces of α-Fe 2 O 3 (0001). The surfaces grown on Pt or Mo substrate exhibit only Fe-terminated or mixed Fe-and O-terminated surfaces.21,41,42,50 In view of the above, extending the investigation for both Fe-and O 3 -terminations of α-Fe 2 O 3 (0001) in Pt/α-Fe 2 O 3

  1)) and the obtained values (γ Fe-term = 70.83 meV/ Å2 and γ O 3 -term = 143.78 meV/ Å2 ) are in line with the previous statement.

FIG. 3 .

 3 FIG. 3. Interplanar relaxations [in %] for unstrained and constrained Fe-and O 3 -terminated α-Fe 2 O 3 (0001) surfaces in comparison with previous experimental 19,20 and theoretical 24 investigations.

  Fe 2 O 3 (0001) surfaces. Unstrained surfaces stand for surfaces cut directly out from the bulk structure. Constrained surfaces refer to overlayers with the lattice parameters fixed to the ones of Pt(111) substrate (a = 4.863 Å ). Interplanar distances [d] are in Å , absolute value of magnetic moments of Fe atoms [|µ Fe |] are in µ B and electronic band gaps [E g ] are in eV.

FIG. 4 .

 4 FIG. 4. Projected density of states of unstrained [a), b)] and constrained [c), d)] Fe-and O 3 surface terminations of α-Fe 2 O 3 (0001), respectively. Unstrained surfaces stand for surfaces cut directly out from the bulk structure. Constrained surfaces refer to overlayers with the lattice parameters fixed to the ones of Pt(111) substrate (a = 4.863 Å ). Majority and minority spin states are displayed with positive and negative values. The top of the valence bands are indicated by vertical lines and set to zero.

B. The Pt/Fe 2 O 3

 3 InterfaceThe Fe-and O 3 -terminations of α-Fe 2 O 3 (0001) are now coupled with the four possible adsorption sites on Pt(111) (top, hollow hcp, hollow fcc and bridge site), leading to eight heterostructures. The initial adsorption configurations are defined with respect to the position of the topmost Fe atom in Fe-terminated or "Fe-vacancy" in O 3 -terminated α-Fe 2 O 3 (0001) surfaces, respectively (for further details see Subsection II B), towards the Pt(111) surface. During geometry optimization, the adsorption on the bridge site is unstable for both terminations of α-Fe 2 O 3 (0001) and migration towards the most stable positions is systematically observed. Therefore, bridge positions will be no more discussed in the following. The remained six optimized Pt(111)/α-Fe 2 O 3 (0001) heterostructures are shown in FIG. 5. and FIG. 6., while computed interlayer displacements and interaction energies are reported in TABLE II. Let us first discuss the Fe-terminated Pt/Fe 2 O 3 heterostructures (see FIG. 5.). According to the predicted interaction energies the preferred adsorption position corresponds to the hollow f cc site (∆E Fcc int = -51.04 meV/ Å2 ). However, the difference in energy with respect to the two other configurations is less than one order of magnitude (∆E Top int = -40.48 meV/ Å2 , ∆E Hcp int = -43.70 meV/ Å2 ), indicating a competitivity between the different structures. It is clearly seen, that lower interaction energies (higher by absolute value) correspond to reduced interlayer distances between the substrate and overlayer (d Top Pt-Fe(α-Fe 2 O 3 ) = 2.546 Å> d HcpPt-Fe(α-Fe 2 O 3 ) = 2.293 Å> d Fcc Pt-Fe(α-Fe 2 O 3 ) = 2.137 Å). In the Pt substrate, modifications of interplanar distances, with respect to the subunit relaxed alone remain under 1 %. However, at hollow f cc site this interlayer spacing is somewhat more pronounced and the first Pt layer moves slightly towards the overlayer. Due to the reduced distance

FIG. 5 .

 5 FIG. 5. Side views [a)-c)] and top views [d) -f)] of the optimized Fe-terminated heterostructures, for top [a),d)], hollow hcp [b),e)] and hollow fcc [c),f)], respectively. Different shades of grey stand for Pt atoms, red spheres denote O atoms, while blue and golden yellow spheres represent Fe atoms. The two different color of Fe atoms emphasize the antiferromagnetic configuration in the structure. The on top [a),c)], at hollow hcp [b),e)] and at hollow fcc [c),f)] adsorption sites in the corresponding Pt layer are highlighted with purple, green and turquoise color, respectively. The brighter color stands for the Pt atom directly exposed to the outmost Fe atom of hematite. In the top views, the first four layers of hematite and the first three layers of Pt are only shown.

FIG. 6 .

 6 FIG. 6. Side views [a)-c)] and top views [d) -f)] of the optimized O 3 -terminated heterostructures. Bright purple, bright green and bright turquoise atoms indicate the position of Pt atoms at different adsorption sites coupled with "Fe-vacancy" in hematite. In the top views, the first three layers of hematite and Pt are only shown. For further explanation see caption of FIG. 5 and subsection II B.

  5.d) -f) and FIG. 6.d) -f)) and the lesser interlayer spacings in the overlayer (especially in the first layers) are positively correlated to the computed adhesion energy (see TABLE

  Fe 2 O 3 (0001) and the charge redistribution at Pt/Fe 2 O 3 interfaces, PDOSs and 3D charge density difference plots are performed, and the results are depicted in FIG 7. and FIG. 8. The qualitative difference between the interfaces is related to the termination of the overlayer and the different adsorption sites in the substrate result only in quantitive changes. Therefore, for the sake of clarity and simplicity

FIG. 7 .

 7 FIG. 7. Projected density of states on Fe and O of the most stable a) Fe (at hollow fcc site adsorption configuration) -and b) O 3 -terminated (at hollow hcp site adsorption configuration) Pt/Fe 2 O 3 heterostructures. Majority and minority spin states are displayed with positive and negative values. The top of the valence bands are indicated by vertical lines and set to zero.

FIG. 8 .

 8 FIG. 8. Charge density differences of the most stable a) Fe (at hollow fcc site adsorption configuration)-and b) O 3 -terminated (at hollow hcp site adsorption configuration) Pt/Fe 2 O 3 heterostructures. Yellow and turquoise isosurfaces correspond to the accumulation and depletion of electronic densities. The isovalue is 0.006.

TABLE I .

 I Computed structural electronic and magnetic properties of bulk α-hematite, unstrained and constrained α-

  and optical band gap55 of bulk hematite

		Bulk	Fe-termination	O 3 -termination
			Unstrained Constrained Unstrained Constrained
	d Fe-Fe 0.574	0.597	0.531	0.565	0.513
	d O3-Fe 0.869	0.857	0.930	0.871	0.938
	d Fe-O3 0.869	0.880	0.936	0.834	0.901
	d Fe-Fe		0.546	0.519	0.650	0.597
	d O3-Fe		0.906	0.944	0.825	0.884
	d Fe-O3		1.016	1.054	1.095	1.124
	d Fe-Fe		0.349	0.318	0.241	0.234
	d O3-Fe		0.934	1.019	0.829	0.846
	d Fe-O3		0.267	0.460	-	-
	|µ Fe6 | 4.188	4.187	4.158	4.186	4.157
	|µ Fe5 | (4.9 54 )	4.185	4.155	4.183	4.153
	|µ Fe4 |		4.184	4.157	4.186	4.157
	|µ Fe3 |		4.197	4.165	4.198	4.170
	|µ Fe2 |		4.173	4.150	3.864	3.755
	|µ Fe1 |		4.036	3.982	2.954	2.913
	E g	2.30	1.56	1.42	-	-
		(2.2 55 )				
	∆E strain		76.28		41.65	

TABLE II .

 II Computed interplanar displacements [d] in Å and interaction energies [∆E int ] and adhesion energies [∆E adh ] are in meV/ Å2 for the six Pt(111)/α-Fe 2 O 3 (0001) interfaces. [] denotes the deviation in % of interplanar displacements between the optimized heterostructure and subunits relaxed alone. Numeration of the atomic planes starts from the interface.

			Fe-termination			O 3 -termination	
		Top	Hcp	Fcc	Top	Hcp	Fcc
	d 67 -α-Fe 2 O 3 (0001) 0.548 [ 5.52] 0.548 [ 5.53] 0.529 [ 1.95] 0.906 [ 0.98] 0.903 [ 0.23] 0.920 [ 2.06]
	d 56 -α-Fe 2 O 3 (0001) 0.916 [-3.02] 0.916 [-3.01] 0.938 [-0.69] 0.547 [ 0.54] 0.564 [-5.62] 0.552 [-7.54]
		0001) 0.693 [50.63] 0.762 [65.65] 0.617 [34.22] 1.033 [22.13] 0.993 [17.38] 1.036 [22.38]
	d 12 -Pt(111)	2.317 [-0.06] 2.320 [ 0.09] 2.329 [ 0.44] 2.124 [-8.39] 2.255 [-2.79] 2.272 [-1.98]
	d 23 -Pt(111)	2.276 [ 0.07] 2.268 [-0.29] 2.264 [-0.44] 2.277 [ 0.11] 2.280 [ 0.25] 2.293 [ 0.84]
	d 34 -Pt(111)	2.271 [-0.10] 2.271 [-0.10] 2.256 [-0.76] 2.281 [ 0.35] 2.292 [ 0.83] 2.291 [ 0.79]
	d Pt-Fe(α-Fe 2 O 3 )	2.546	2.293	2.137	2.269	2.958	2.999
	d Pt-O 3 (α-Fe 2 O 3 )	3.239	3.055	2.754	1.236	1.970	1.959
	∆E int	-40.48	-43.70	-51.04	-102.92	-212.63	-185.40
	∆E adh	35.80	32.58	25.24	-61.27	-170.98	-143.75

d 45 -α-Fe 2 O 3 (0001) 1.083 [ 2.81] 1.080 [ 2.48] 1.055 [ 0.13] 0.936 [ 5.82] 0.920 [ 3.97] 0.902 [ 1.95] d 34 -α-Fe 2 O 3 (0001) 0.291 [-8.56] 0.298 [-6.26] 0.306 [-3.67] 1.023 [-9.04] 1.061 [-5.65] 1.108 [-1.44] d 23 -α-Fe 2 O 3 (0001) 0.976 [-4.29] 0.966 [-5.18] 1.013 [-0.63] 0.328 [35.06] 0.284 [16.89] 0.306 [26.16] d 12 -α-Fe 2 O 3 (