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Among the most frequently encountered oxide monolayer structures, the M 2 O 3 honeycomb (HC) one, which consists of a fully-coordinated network of twelve member rings with an equal number of oxygen and metal atoms, has been extensively studied experimentally and theoretically, whether freestanding, [START_REF] Goniakowski | Intrinsic 991 properties of pure and mixed monolayer 992 oxides in the honeycomb structure: M 2 O 3 993 and MM'O 3 (M, M' = Ti, V, Cr, Fe)[END_REF] or Pd(111)-, [START_REF] Surnev | Unusual CO adsorption sites on vana-998 dium oxide-Pd(111) "inverse model cat-999 alyst" surfaces[END_REF][START_REF] Plessow | Trends 1003 in the thermodynamic stability of ultra-1004 thin supported oxide films[END_REF] Pt(111)-, 6,[START_REF] Pomp | Two-1015 dimensional iron tungstate: A ternary ox-1016 ide layer with honeycomb geometry[END_REF] Au(111)-supported [START_REF] Plessow | Trends 1003 in the thermodynamic stability of ultra-1004 thin supported oxide films[END_REF][START_REF] Tumino | Twodimensional TiOx nanostructures on Au (111): a scanning tunneling microscopy and spectroscopy investigation[END_REF][START_REF] Goniakowski | Properties of M 2 O 3 /Au(111) honeycomb monolayers (M = Sc, Ti[END_REF][START_REF] Wu | Surface structures of ultrathin TiO x films on Au(111)[END_REF][START_REF] Wang | Influence of the support on stabilizing local defects in strained monolayer oxide films[END_REF][START_REF] Wang | Atomic and electronic structure of an epitaxial Nb2O3 honeycomb monolayer on Au (111)[END_REF] as well as sandwiched between Al 2 O 3 films. [START_REF] Köksal | Confinement-driven electronic and topological phases in corundum-derived 3doxide honeycomb lattices[END_REF] Aside its occurrence in sesquoxides monolayers, oxide honeycomb films have also been observed in Cu 3 O 2 /Au(111), [START_REF] Möller | Temperaturedependent phase evolution of copperoxide thin-films on Au(111)[END_REF] or used as a template for a synthesis of supported ternary Ba x Ti 2 O 3 /Au(111) compounds. [START_REF] Wu | Stoichiometry engineering of ternary oxide ultrathin films: Ba x Ti 2 O 3 on Au(111)[END_REF] Regarding cationic doping and mixing, we have recently shown that the low dimensionality of freestanding M 2 O 3 HC MLs and their peculiar, flat atomic structure determine their specific electronic characteristics (gap width, character of gap edges) and are responsible for cation redox reactions and mixing preferences which are different from those in the corresponding three-dimensional mixed oxides. [START_REF] Goniakowski | Intrinsic 991 properties of pure and mixed monolayer 992 oxides in the honeycomb structure: M 2 O 3 993 and MM'O 3 (M, M' = Ti, V, Cr, Fe)[END_REF] However, if these results provide guidelines for understanding properties of oxide films supported on very weakly interacting substrates, they are likely less relevant for the case of metal supports, which are the most widely used in practical realizations. Indeed, in another recent study, we have shown that the atomic structure of Au-supported M 2 O 3 HC MLs is characterized by a large structural rumpling and that the electronic characteristics of the freestanding films are severely altered by a charge exchange with the gold substrate, which in extreme cases may result in a change of cation oxidation state. [START_REF] Goniakowski | Properties of M 2 O 3 /Au(111) honeycomb monolayers (M = Sc, Ti[END_REF] In this context, the goal of the present theoretical work is twofold. On the one hand, beyond Au-supported M 2 O 3 MLs considered in our previous work, [START_REF] Goniakowski | Properties of M 2 O 3 /Au(111) honeycomb monolayers (M = Sc, Ti[END_REF] we analyze the substrateinduced characteristics of pure M 2 O 3 and mixed MM'O 3 oxide films (M, M' = Ti, V, Cr, and Fe) deposited on three metallic substrates (Me = Ag, Au and Pt) of higher and higher work functions. Relying on DFT+U results on freestanding and Me-supported MLs, we identify the mechanisms responsible for the most essential structural, electronic, and energetic characteristics of these supported films. On the other hand, at variance with mixing at weakly or non 110 interacting interfaces, [START_REF] Goniakowski | Intrinsic 991 properties of pure and mixed monolayer 992 oxides in the honeycomb structure: M 2 O 3 993 and MM'O 3 (M, M' = Ti, V, Cr, Fe)[END_REF] we consider realistic sit-111 uations by explicitly including the interaction 112 with a metal substrate. To this goal we link 113 the electronic and energetic characteristics of [START_REF] Kresse | Efficient iterative schemes for ab initio total energy calculations using a plane-wave basis set[END_REF][START_REF] Kresse | Ab initio molecular 1063 dynamics for liquid metals[END_REF] 128 using the Projector Augmented Wave (PAW) 129 method [START_REF] Blöchl | Projector augmented-wave 1066 method[END_REF][START_REF] Kresse | From ultra-1069 soft pseudopotentials to the projector 1070 augmented-wave method[END_REF] to represent the electron-core in- Dispersion-corrected (optB88-vdW) [START_REF] Dion | der Waals density functional for general 1075 geometries[END_REF][START_REF] Klimes | Chemical accuracy for the van der Waals 1079 density functional[END_REF][START_REF] Klimes | Van der Waals density functionals applied 1083 to solids[END_REF] 145 exchange-correlation functional was employed, 146 within the DFT+U approach proposed by Du-147 darev. [START_REF] Anisimov | First-principles calculations 1086 of the electronic structure and spectra of 1087 strongly correlated systems: the LDA+U 1088 method[END_REF]24 As in our previous studies, [START_REF] Goniakowski | Intrinsic 991 properties of pure and mixed monolayer 992 oxides in the honeycomb structure: M 2 O 3 993 and MM'O 3 (M, M' = Ti, V, Cr, Fe)[END_REF][START_REF] Goniakowski | Properties of M 2 O 3 /Au(111) honeycomb monolayers (M = Sc, Ti[END_REF][START_REF] Le | Properties of mixed transition metal ox-1098 ides: MM'O 3 in corundum-type structures 1099[END_REF][START_REF] Le | Interfaces between M 2 O 3 corun-1103 dum oxides (M = Al, Ti, V, Cr, Fe)[END_REF] 

208

Adhesion energies between the oxide monolayers and the metal substrates E adh (M e) were calculated from energy differences between the constituted oxide/metal system E oxide/M e and its separated components (bare metal substrate E M e and freestanding oxide ML at its equilibrium lattice parameter E oxide ):

E adh (M e) = E M e + E oxide -E oxide/M e (1)
With this definition, adhesion energies are pos-209 itive if adhesion is favored.
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Formation or mixing energies E mix of both freestanding and supported MM'O 3 monolayers were calculated from energy differences between the mixed oxide E M M O 3 and the average of the two corresponding parents (E

M 2 O 3 + E M 2 O 3 )/2: E M M O 3 mix = E M M O 3 - E M 2 O 3 + E M 2 O 3 2 (2)
With this definition, mixing energies are nega- To summarize, the interaction with the metal substrates induces structural distortions of the oxide MLs and an electron transfer from the oxides towards the metal, which both increase from Ag to Pt and decrease from Ti to Fe. In our previous study on freestanding films, [START_REF] Goniakowski | Intrinsic 991 properties of pure and mixed monolayer 992 oxides in the honeycomb structure: M 2 O 3 993 and MM'O 3 (M, M' = Ti, V, Cr, Fe)[END_REF] we have pointed out that the electronic mod- Moreover, for each oxide, the substrate charge becomes more negative along the Ag, Au, and Pt series, following the increase of the work functions of the metal surfaces (4.8 eV, 5.6 eV, and 6.1 eV, respectively). Such quasi-linear be- face, which consists of three main contribu-658 tions. [START_REF] Goniakowski | Polariza-1155 tion and rumpling in oxide monolayers de-1156 posited on metallic substrates[END_REF][START_REF] Giordano | Tuning the surface metal work function by 1167 deposition of ultrathin oxide films: Den-1168 sity functional calculations[END_REF][START_REF] Giordano | Interplay between struc-1173 tural, magnetic, and electronic properties 1174 in a FeO/Pt(111) ultrathin film[END_REF] The first one comes from the re- As to broaden the perspective, Figure 9 gives 

Ti 2 O 3 V 2 O 3 Cr 2 O 3 Fe 2 O 3 freestanding Q M 1.

  114 mixed MM'O 3 /Me compounds to those of their 115 pure M 2 O 3 /Me and M' 2 O 3 /Me parents and we 116 assess the roles played by the character of the 117 latter (Mott-Hubbard or charge transfer) and 118 by the substrate work function. 119 The paper is organized as follows. After a 120 section devoted to the computational method 121 and set-up (Sec. 2), we report the results on 122 Me-supported pure M 2 O 3 MLs (Sec. 3) and 123 mixed MM'O 3 MLs (Sec. 4). These results are 124 then discussed in Sec. 5, before a conclusion. 125 2 Computational details 126 DFT calculations were performed with the Vi-127 enna Ab-initio Simulation Package (VASP)
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  teraction and a 400 eV energy cut-off in the de-131 velopment of Kohn-Sham orbitals on a plane-132 wave basis set. We have checked that an in-133 crease of the cut-off to 500 eV does not bring 134 any noticeable modifications to the reported re-135 sults. For example, for VFeO 3 and its par-136 ents Fe 2 O 3 and V 2 O 3 , regardless of the under-137 lying metal, it changes the structural character-138 istics (film rumpling, anion-cation and cation-139 substrate bond lengths) by less than 0.01 Å, the 140 electronic characteristics (anion, cation, and 141 substrate charges) by less than 0.01 e/f.u. and 142 the energetic ones (mixing energy) by less than 143 0.01 eV/f.u.
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148Fe 2 O 3 .Figure 1 :

 231 Figure 1: Atomic structures of Me-supported MM'O 3 oxide ML: (a) top view; (b) enlarged top view showing the rotation φ of the MO 3 entities; c: enlarged profile view showing the rumpling of the layer, with the two cations and the three oxygen atoms at different elevations. The dashed line represents the average cation elevation z c . Cations, oxygen and substrate atoms are represented by blue (dark and light), red, and golden balls, respectively.

Figure 2 : 3 and Fe 2 O 3 V 2 O 3 ,

 232323 Figure 2: Local densities of states of freestanding and metal-supported M 2 O 3 HC MLs (M = Ti, V, Cr, and Fe) projected on cations (red), oxygen atoms (blue), and substrates (golden shading). A broadening of 0.2 eV has been systematically applied. The vertical dashed lines indicate the positions of the Fermi levels.
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 4 The complete set of results can be found in 379 SI, Tabs. S4 and S5, in which the symbols δ 380 denote the mixing-induced differences between 381 quantities (positions, distances, charges, etc) in 382 the supported mixed oxides and their parents.383 HSE03 results for mixed MLs on the Au sub-384 strate are reported in SI, Tab. S8 and Fig. S2. 385 From a structural point of view, the metal-386 supported mixed oxide films are qualitatively 387 similar to their supported parents. They 388 systematically display a substantial (positive) 389 rumpling and in-plane rotations of MO 3 entities 390 which enable an accommodation of the inter-391 face lattice mismatch without strong modifica-392 tions of the cation-oxygen distances d M -O and 393 d M -O (|∆d M -O /d M -O | < 4%, Tab. S4

Figure 3 :

 3 Figure 3: Local densities of states in freestanding and Me-supported mixed TiM'O 3 honeycomb monolayers (M' = V, Cr, Fe) projected on Ti (red), M' (green), O atoms (blue), and substrate atoms (gold shading). A broadening of 0.2 eV has been systematically applied. Vertical dashed lines indicate the position of the Fermi level.

Figure 4 :TiFeO 3 <

 43 Figure 4: Local densities of states in freestanding and Me-supported mixed MM'O 3 honeycomb monolayers (M = V, Cr; M' = Cr, Fe) projected on M (red), M' (green), O atoms (blue), and substrate atoms (gold shading). A broadening of 0.2 eV has been systematically applied. Vertical dashed lines indicate the position of the Fermi level.

ifications in TiVO 3 ,

 3 TiCrO 3 , and CrFeO 3 due to mixing are small since their cationic charges and magnetic moments are close to those in the corresponding freestanding parents, and their LDOS differ little from a superposition of the parent LDOS. Conversely, in TiFeO 3 , VCrO 3 , and VFeO 3 , a well pronounced increase of Q M and a decrease of Q M , correlated with strong modifications of cation magnetic moments and LDOS peak positions with respect to the Fermi level, have been rationalized in terms of mixinginduced redox reactions, leading to Ti 4+ Fe 2+ , V 4+ Cr 2+ , and V 4+ Fe 2+ oxidation states, respectively. The presence of the metal substrates visibly alters this picture. In contrast to the freestanding case, supported TiFeO 3 displays only negligible mixing-induced electronic modifications, regardless of the metal support (Tab. 2 and 1 and Fig. 2, 3 and 4). Moreover, while, similarly to the freestanding films, the mixinginduced changes in VFeO 3 and VCrO 3 are the most pronounced, the underlying electron redistributions do not follow the same pattern on the three substrates. Indeed, on Ag and 452 Au substrates, the changes mostly consist of 453 an electron exchange between the two cations 454 (δQ V ≈ -δQ Cr,F e , Tab. S5), and are associ-455 ated with opposite shifts of the V and Cr/Fe 456 states in the vicinity of the Fermi level (see Fig.

457 4 )TiVO 3 , 5 Discussion

 435 . In these mixed oxides also the modifications 458 of oxygen charges δQ O provide a non-negligible 459 contribution to δQ M e . Conversely, on the Pt 460 substrate the largest modifications concern only 461 vanadium cations, which points toward an in-462 crease of the vanadium oxidation state stabi-463 lized by an electron transfer towards the metal 464 substrate δQ P t . These different behaviors illus-465 trate the competition between electron trans-466 fer between the two cations and from a cation 467 to the substrate, governed by the availability 468 and nature of the oxide electronic states in the 469 vicinity of the Fermi level. At variance with 470 the above, the electronic characteristics of sup-471 ported TiVO 3 and TiCrO 3 films remain rela-472 tively close to those of their supported parents, 473 as was the case for their freestanding counter-474 parts. Finally, CrFeO 3 displays an intermediate 475 behavior. On Ag and Au, mixing-induced mod-476 ifications are relatively weak, but on Pt, µ Cr is 477 visibly reduced. These changes, together with 478 the complex DOS modifications (see Fig. 4) do 479 not allow a clear assignment of a change of ox-480 idation state. 481 To summarize, the structural (R) and elec-482 tronic (Q M e ) characteristics of the supported 483 pure and mixed oxide films follow qualitatively 484 similar trends. The electronic characteristics of 485 TiCrO 3 , and TiFeO 3 correspond closely 486 to a superposition of those of their parents. 487 Conversely, in Ag-and Au-supported VCrO 3 488 and VFeO 3 mixing induces an electron transfer 489 from V to either Cr or Fe. It is much stronger 490 in VFeO 3 and can be tentatively interpreted as 491 a redox reaction. Interestingly, on the Pt sub-492 strate, the electrons are rather transferred from 493 V to the metal substrate. These conclusions 494 are well supported by HSE03 results given in 495 SI, Tab. S8 and Fig. S2. 496 In this section, we first discuss the mechanisms which govern the electronic and structural characteristics of metal-supported HC oxides upon interaction with the substrate (Section 5.1) and upon cation mixing (Section 5.2). Then we analyze the evolution of the oxide adhesion (Section 5.3) and mixing (Section 5.4) energies.5.1 Electron redistribution at the oxide/metal interface In our recent study on the Au-supported pure M 2 O 3 monolayers, 9 we have shown that the interfacial charge transfer Q Au and its consequences on the electronic characteristics of the deposited oxide films may be reliably inferred from the offset between the point of zero charge of the freestanding oxide films E ZCP (approximated by the energy at mid-gap position) with respect to the Fermi level of the bare Au surface E F (Au) and from the character of the oxide gap edges. We have shown that the decrease of |Q Au | along the series of transition metal oxides is due to the progressive lowering of the point of zero charge, mainly due to the increase of the cation electronegativity. This argument is generalized in Figure 5 to the parents and mixed oxide MLs deposited on the three substrates. Corresponding results from hybrid calculations on Au-supported M 2 O 3 and MM'O 3 compounds are reported in SI, Fig. S3. In agreement with the results of Ref., 9 we find that, for each substrate and regardless of the pure or mixed oxide character, the interface charge transfer correlates well with E F (M e) -E ZCP . As a consequence, Q M e is systematically the most negative for M 2 O 3 oxides with the least electronegative cations (Ti, V), and for mixed oxides with the smallest average cation electronegativity (TiVO 3 , TiCrO 3 , and VCrO 3 ). Conversely, small positive Q M e values are found for Cr 2 O 3 , Fe 2 O 3 and CrFeO 3 .

Figure 5 : 37 547Figure 6 : 606 V 2 O 3 ,CrFeO 3 )M 2 O 3 /Figure 7 :

 5376606233237 Figure 5: Interface charge transfer Q M e (e/M 2 O 3 or MM'O 3 f.u.) as a function of the offset E F (M e) -E ZCP (eV) between the Fermi level of the bare metal surface and the point of zero charge of the freestanding pure (squares) and mixed (circles) oxide monolayers. Results for Ag, Au, and Pt substrates are plotted with blue, red, and green symbols, respectively. Line is drawn to guide the eye.
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  duction of the substrate surface dipole caused 660 by the compression of the spilled-out metal elec-661 trons by the deposited oxide monolayer. The 662 second one is induced by the electron exchange 663 Q M e between the oxide film and the metallic 664 substrate. The third one is due to the struc-665 tural film polarization (rumpling) R. While the 666 first effect produces a negative contribution to 667 ∆W , and while a positive film rumpling (R > 668 0) tends to increase R, the contribution due 669 to electron exchange at the interface either de-670 creases (negative Q M e ) or increases (positive 671 Q M e ) the substrate work function. 672 In the present case, the systematically pos-673 itive signs of ∆W , Tab. 3, suggest that the 674 rumpling contribution is dominant, aided by 675 the charge transfer term in the few cases where 676 Q M e is positive. However, since the largest ∆W 677 values (Fe 2 O 3 on the three substrates) system-678 atically correspond to the smallest rumplings 679 R, the behavior of ∆W along the series of ox-680 ides is clearly not rumpling-driven. The largest 681 ∆W , responsible for the most pronounced band 682 offsets between parent materials, rather corre-683 spond to positive or small negative values of 684 the charge transfer contribution. It should be 685 noted that in-plane rotation φ may also play 686 a role since the largest values in Tab. 3 also 687 correspond to the largest rotations. 688 Solely from the signs of ∆E F , Fig.

720 tron redistribution in CrFeO 3 /VCrO 3 / 3

 333 Me. These predictions correlate very well with the results of 722 the full calculations, Sec. 4. 723 To summarize, the relative positions of the 724 Fermi levels in the supported parents provide a 725 good guide for understanding the electronic re-726 distributions in the mixed compounds. While 727 the ordering of Fermi levels in the series of 728 parent oxides is not strongly modified by the 729 metal substrate, we have pointed out that the 730 character of the oxide states in the vicinity 731 of the Fermi level is. For the series of sup-732 ported MM'O 3 HC MLs, the offsets between 733 the parent band structures and the absence 734 of Ti d states in the the Fermi level vicinity 735 in supported Ti 2 O 3 explain why any signifi-736 cant mixing-induced electronic structure modifications are limited to the VFeO 3 /Me and 738 Me compounds only. The strong in-739 crease of vanadium oxidation state suggests an 740 enhanced reactivity of the supported vanadate 741 films, which could thus be of interest in vari-742 ous catalytic reactions, in the same way as the 743 oxygen-rich V 2 O 5 oxide is the most important 744 industrial vanadium compound, used as a cat-Adhesion at the HC/Me in-747 terfaces 748

839

  clear monotonic behavior along the series of ox-840 ides or metal substrates.841We recall that in the freestanding case, the 842 large negative mixing energies found for TiFeO 3 843 and VFeO 3 have been assigned to the existence 844 of a mixing-induced redox reactions which pro-845 duce unambiguous changes of cation oxidation 846 states. 3 The same mechanism was also shown 847 to be at work in bulk mixed oxides 25 and at ox-848 ide/oxide interfaces. 26 For the metal-supported 849 MLs, this correlation is somewhat less clear, 850 partially due to the difficulty to unambiguously 851 identify the cation oxidation states. However, 852 the large negative E mix , systematically found 853 for VFeO 3 on the three substrates, is consistent 854 with the enhanced oxidation of vanadium in-855 duced by the electron transfer toward the metal 856 support and/or the Fe cation, as revealed by 857 the features of the interface electronic structure, 858 Sec. 4. Also, the strong reduction of |E mix | in 859 all TiFeO 3 /Me systems, with respect to their 860 freestanding counterparts, correlates with the 861 suppression of the electron transfer from Ti to 862 Fe when metal-supported. Indeed, the elec-863 tronic structure results show that the single Ti 864 d electron is systematically transferred to the 865 metal substrate, so that there are no occupied 866 Ti states close to the Fermi level able to transfer 867 electrons to the iron cations.

  868

869

  an overview of the calculated mixing energies in 870 the same series of bulk sesquoxides, freestand-871 ing MLs, and metal-supported MLs.

Figure 9 :

 9 Figure 9: Mixing energies in the series of the six mixed HC oxides. Results for bulk, frestanding, Ag-, Au-and Pt-supported cases are represented in gray, white, blue, red, and green, respectively.

6 896M 2 O 3 VFeO 3 /•Figs. 5

 62335 Figs. S3-S4 are the HSE03 equivalents of

  

  

Table 1 :

 1 Main Characteristics of Freestanding and Me-supported (Me = Ag, Au and Pt) M 2 O 3 MLs (M = Ti, V, Cr, and Fe): Film Rumpling R ( Å), In-Plane Rotation φ ( • ), Bader Charges on Cations Q

M (e) and Oxygen Atoms Q O (e), Total Charge of Metal Substrate Q M e (e/M 2 O 3 f.u.), and Cation Magnetic Moments µ M (µ B ).

Table 2 :

 2 Main Characteristics of Metal (Ag, Au, and Pt)-Supported Mixed MM'O 3 HC Monolayers (M, M' = Ti, V, Cr, and Fe): Film Rumpling R ( Å), In-Plane Rotation φ ( • ), Bader Charges on Cations Q M , Q M (e) and Oxygen Atoms Q O (e), Metal Substrate Charge Q M e (e/MM'O 3 f.u.), and Cation Magnetic Moments µ M , µ M (µ B ).

	). Con-
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Cationic mixing produces a quite substantial 397 rumpling enhancement (δR ∼ 0.15 -0.25 Å) in 398 VCrO 3 /Ag, VFeO 3 /Pt, and CrFeO 3 /Pt, but in 399 TiFeO 3 /Ag, TiCrO 3 /Au, and VCrO 3 /Au, R is 400 reduced (δR ∼ -0.10 Å), Tab. S4. We will show 401 in the discussion that the positive sign and the 402

Table 3 .

 3 We note that, since at each substrate 650 the largest values are systematically found for 651 Fe 2 O 3 and the smallest ones for V 2 O 3 , the re-

	652	
	653	sulting ordering of Fermi level positions is not
	654	strongly modified compared to that found in
		the freestanding films.

655

Table 3 :

 3 Change of the Metal Work Function ∆W (eV) upon Deposition of Pure HC Monolayers.Ti 2 O 3 V 2 O 3 Cr 2 O 3 Fe 2 O 3

		∆W Ag	0.62	0.38	0.45	1.15
		∆W Au 0.36	0.44	0.80	0.95
		∆W P t	0.75	0.15	0.17	0.89
	656	We recall that ∆W is determined by the
	657	dipole moment of the oxide/metal inter-

  7, one de-689 duces that an electron transfer may systemati-690 cally occur from Ti 2 O 3 /Me or V 2 O 3 /Me toward 691 Fe 2 O 3 /Me (Me = Ag, Au and Pt) or Cr 2 O 3 /Au, 692 and from Cr 2 O 3 /Me toward Fe 2 O 3 /Me (Me =

	693	
	694	Ag and Pt). No electron exchange is expected
	695	between Ti 2 O 3 /Me and V 2 O 3 /Me except on
	696	Pt, where an electron transfer from V 2 O 3 to
	697	Ti 2 O 3 could be anticipated. If additionally
	698	the character and the density of states at the
	699	Fermi level are taken into account, it becomes
	700	clear that supported Ti 2 O 3 is unlikely to pro-
	701	vide electrons to Cr or Fe upon mixing be-
	702	cause it has no available occupied cationic d
		states. Also the electron transfer from V 2 O 3

703 to Ti 2 O 3 on Pt is impeded by the absence 704 of empty Ti d states in the energy range be-705 tween the two Fermi levels. As a consequence, 706 no significant mixing-induced charge redistri-707 bution is expected in all Ti-containing com-708 pounds. Conversely, since a significant num-709 ber of occupied cationic states just below the 710 Fermi level exist in V 2 O 3 /Me, an electron trans-711 fer from V 2 O 3 /Me towards Fe 2 O 3 /Me is sys-712 tematically to be expected, as well as a transfer 713 from V 2 O 3 /Au towards Cr 2 O 3 /Au. We note 714 that the absence of empty Fe 2 O 3 states in the 715 direct vicinity of the Fermi level may produce 716 an electron transfer toward the metal substrate 717 rather than toward the Fe cations. Finally, the 718 limited number of occupied (empty) states at 719 E F in Cr 2 O 3 /Me (Fe 2 O 3 /Me) may hinder elec-

Table 4

 4 Cr 2 O 3 /Ag) to more than 15% (Ti 2 O 3 /Pt). Cr 2 O 3 and Fe 2 O 3 on Ag) 813 to particularly strongly (Ti 2 O 3 and V 2 O 3 on

	749	summarizes the adhesion energies E adh
	750	(Eq. 1) of pure and mixed oxide monolay-
	751	ers supported on the three metal substrates
	752	as well as the misfits between the freestand-
	753	ing layers and metal substrate. Adhesion en-
	754	ergies are found to be always positive (favor-
	755	able to adhesion) and to span a large set of val-
	756	ues ranging from about 1.1 eV (Cr 2 O 3 /Au and
	757	CrFeO 3 /Au) to more than 4.5 eV (Ti 2 O 3 /Pt
	758	and TiVO 3 /Pt) per formula unit. At each sub-
	759	strate, the adhesion of pure monolayers is sys-
	760	tematically stronger for oxides films from the
	761	beginning of the series and, for each oxide,
	762	it tends to increase from Ag to Pt. E adh of
	763	most mixed compounds are smaller than the
	764	average values of their parents (δE adh < 0 in
	765	SI, Tab. S6) -the reduction being particu-
	766	larly large for TiFeO 3 /Me -, but in the case of
	767	TiVO 3 /Pt for which mixing enhances the adhe-
	768	sion (δE adh > 0).
	769	Since E adh is calculated with respect to the
	770	corresponding freestanding oxide films at their
	771	equilibrium lattice parameters, it consists of
	772	two contributions of different nature. The first
	773	one is associated to the elastic strain of the free-
	774	standing ML necessary to match its in-plane
	775	lattice parameter with the metal substrate (Ta-
	776	ble 4) and is always unfavorable to adhesion. In
	777	the parent series, aside Cr 2 O 3 which displays a
	778	non-zero rumpling when freestanding and thus
	779	a reduced lateral lattice parameter, the mis-
	780	fit decreases from the left to the right of the
		series (for a given substrate) and from Pt to

781

Ag (for a given oxide) and ranges from about 782 2% (

828

Depending on the oxide, we find negative or 829

Table 4 :

 4 Adhesion Energies E adh (eV/f.u.) at the Interfaces Between the Oxide Monolayers and the Three Metal Substrates. Misfits (%) Between the Freestanding MLs and the Underlying Substrates Are Given for Reference. Ti 2 O 3 V 2 O 3 Cr 2 O 3 Fe 2 O 3 TiVO 3 TiCrO 3 TiFeO 3 VCrO 3 VFeO 3 CrFeO 3

	Ag-supported									
	E adh	2.52	1.41	1.19	1.64	1.99	1.64	1.61	1.21	1.33	1.32
	misfit 10.2	7.9	2.1	7.3	7.3	9.0	8.1	6.4	7.3	6.4
	Au-supported									
	E adh	3.31	1.91	1.15	1.28	2.62	2.06	1.76	1.60	1.54	1.13
	misfit 10.6	8.3	2.4	7.6	7.6	9.4	8.5	6.8	7.6	6.8
	Pt-supported									
	E adh	4.78	3.75	2.18	2.12	4.50	3.11	2.52	2.92	2.81	1.88
	misfit 15.2	12.8	6.7	12.1	12.1	13.9	13.0	11.2	12.1	11.2

Figure 8: Adhesion energies of pure (squares) and mixed (circles) monolayers on metal substrates E adh (eV/f.u.) as a function of interface charge transfer |Q M e | (e/M 2 O 3 or MM'O 3 f.u.). Results for Ag, Au and Pt substrates are represented in blue, red and green, respectively. positive mixing energies, which represent pref-830 erence for cationic mixing and phase separa-831 tion, respectively. If large negative E mix ∼ -838 dependent of the substrate, but E mix shows no

Table 5 :

 5 [START_REF] Goniakowski | Intrinsic 991 properties of pure and mixed monolayer 992 oxides in the honeycomb structure: M 2 O 3 993 and MM'O 3 (M, M' = Ti, V, Cr, Fe)[END_REF][START_REF] Le | Properties of mixed transition metal ox-1098 ides: MM'O 3 in corundum-type structures 1099[END_REF] While Mixing Energies E mix (eV/f.u.) of the Six Freestanding 3 and Metal-Supported Mixed HC MLs. TiVO 3 TiCrO 3 TiFeO 3 VCrO 3 VFeO 3 CrFeO 3

	E mix	+0.32	-0.16	-0.70	-0.14	-0.79	-0.16
	E mix (Ag) +0.12	+0.05	-0.23	-0.22	-0.60	-0.06
	E mix (Au) +0.13	+0.01	-0.17	-0.39	-0.74	-0.08
	E mix (Pt)	-0.09	+0.22	+0.23	-0.27	-0.67	+0.12

872 a metal substrate enhances the preference for 873 mixing in VCrO 3 and reduces it for the Ti-based 874 ones, two systems clearly stand out by their 875 strongly size and support-dependent behaviors. 876 On the one hand, contrary to the bulk phase, 877 the formation of ordered mixed VFeO 3 MLs is 878