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Abstract

Metal/metal-oxide interfaces appear in a wide variety of disciplines including electronics,
corrosion, electrochemistry, and catalysis. Specifically, covering a metal-oxide with a metal is often
thought to enhance solar energy absorption and to improve photocatalytic activity. For example, the
platinum/hematite (Pt/a-Fe,Os) interface has demonstrated improved functionality. In order to advance
our understanding of how metal coverage over an oxide helps performance, we characterize the geometry
and electronic structure of the Pt/a-Fe,O; interface. We investigate the interface using density functional
theory +U, and find a stable crystallographic orientation relationship: Fe,03(0001)[1100]||Pt(111)[101]
that agrees with experiment. Furthermore, there are significant changes in the electronic structure of o-
Fe,Os as a result of Pt coverage. We therefore suggest the concept of “judging” the electronic properties
of an oxide only with its cover. Specifically, covering Fe,O3 with Pt reduces carrier effective mass and
creates a continuum of states in the band gap. The former could be beneficial for catalytic activity, while
the latter may cause surface recombination. In order to circumvent this problem, we suggest putting metal
coverage behind the oxide and far from the electrolyte in a photoelectrochemical device in order to
quickly collect electron carriers and avoid recombination with vulnerable holes accumulating as a result
of catalysis at the surface.

*Corresponding author: E-mail: maytalc@tx.technion.ac.il , Tel.: +972 4 8294298.
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Introduction

Metal/metal-oxide interfaces are widely used in a variety of technological applications, such as
sensors, electronic devices, catalysts and catalyst supports in various chemical reactions."® Some
examples include water oxidation in photoelectrochemical (PEC) cells,*™® water gas shift (WGS),***°
selective carbon monoxide (CO) oxidation,® "™ and H, oxidation in polymer electrolyte membrane fuel
cells (PEMFC).**%

One such metal-oxide is hematite (a-Fe,Os, o dropped from this point), a widely used water oxidation
catalyst. Fe,O3 is used in PEC cells as a photoanode with benefits of being environmentally safe,
abundant, inexpensive, having a narrow band gap of about 2 eV, and having an appropriate valence band
edge position for water oxidation. However, Fe,Os; is limited by poor charge transport, high
recombination rates, and a large overpotential.’® There are many strategies to deal with these limitations;
among them is to cover Fe,0; with platinum metal.

We now list several experimental evidences for improvement in Fe,O3; functionality by Pt coverage.
First, Fe,O;@Pt core shell particles were recently seen to improve efficiency in PEMFC.% Second, Pt
supported on Fe,0; was measured to have increased catalytic activity and selectivity in WGS reaction.*
Third, coating of Pt over Fe,O; has been seen to enhance the photocatalytic activity of Fe,05.% Pt can
also be used as a reflecting layer to increase absorbance in Fe,05.%° Finally, Fe,O; films modified by
metallic nanoparticles such as gold can increase absorption in the oxide via the plasmonic effect.?

All of these encourage better understanding of how metal coverage enhances catalytic activity in the
Pt/Fe,O3 system. Thus, the goal of this research is to investigate geometric and electronic structure in the
Pt/Fe,O; interface and to determine the stability and potential catalytic properties of this system. This is
the first theoretical study on Pt/Fe,O; where: 1) we model different interface thicknesses, 2) account for
different interface orientation relationships, 3) calculate the interfacial energy of adhesion, and 4) present
an electronic structure study of the interface. We find that the carrier effective mass in the metal-oxide
reduces upon metal coverage and suggest that this could be beneficial for catalytic activity.

Computational Details

Density Functional Theory:

All calculations were performed using the Vienna Ab Initio Simulation Package (VASP).?"*° We
used the spin polarized density functional theory +U (DFT+U) formalism of Dudarev et al.** to better
represent electronic interactions in Fe,03.3* A U value of 4.3 eV which was derived ab-initio® was
chosen for the Fe atoms in order to correctly describe the Fe,O5 ground state.®> * No explicit orbital
corrections were given to Pt and O atoms (that is, a U value of 0 was chosen) since these atoms do not
have half-filled orbitals with highly correlated electrons as in Fe, and since Pt and Pt oxides are well
described by regular DFT exchange correlation (XC) approximations.®”*°

The XC functional used in all computations was the Perdue-Burke-Ernzerhof (PBE)* of the
general gradient approximation (GGA). This XC functional was chosen since it was shown previously to
describe well systems of Fe,0s, Pt, and Pt oxides.’* ¥ *° Projected augmented wave (PAW) potentials* *
replaced inner frozen core electrons and nuclei of each atom. For Fe, O, and Pt atoms the appropriate
PAW potentials replaced the [Ar], [He], and [Xe]4f** inner shell electrons, respectively, since these
Eoreviously converged the electronic structure as well as the effective mass in Fe,O5 and Pt-doped Fe,05.3*
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The Kohn-Sham equations were solved self-consistently in a plane-wave basis set with 3D periodic
boundary conditions under a tolerance of 10° eV in total energy. Symmetry was not imposed in order to
best describe the interface geometry. K-space integration took place using the tetrahedron method with
Bléchl corrections.** *° Geometrical relaxations were performed with the conjugate gradient algorithm*
and converged with a criteria of 0.03 eV/A. In all slab calculations the slabs were separated from their
periodic image by a 10 A vacuum layer which converged the total energy to a tolerance of 0.1 meV/atom.
lonic charges were calculated using the Bader charge analysis.*’ In the supporting information, we
provide the relaxed geometries as well as specify for each structure the k-grid and plane-wave energy
cutoff that converged total energies <0.1 meV/atom.

Structural details:

Constructing the interface of Pt(111)/Fe,03(0001) required initial calculations of the bulk materials as
well as calculations of the individual Pt(111) and Fe,O5(0001) surface slabs that were cleaved from bulk
unit cells. Below we show how we constructed these structures and the interface.

Bulk Fe,O; calculations used the 30-atom hexagonal lattice with long range antiferromagnetic
ordering,*® * relaxed in shape, volume, and atomic positions (Figure 1a). This bulk structure was cleaved
in the (0001) surface with an oxygen-atom termination and a thickness of four stoichiometric units as seen
in Figure 1b, marked slab 1 (“Fe,O3 S1”), containing 23 atoms. We performed a linear transformation of
coordinates to obtain a supercell of 46 atoms with an orthorhombic lattice that is then cleaved in the
(0001) surface with an oxygen-atom termination and thickness of four stoichiometric units, marked slab 2
(“Fe,0O3 S2”) and seen in Figure 1c. The Fe,0; S1 and S2 slabs were later used to construct two different
interface orientation relationships.
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Figure 1 — Unit cells of Fe,O3: (a) Bulk Fe,O; in hexagonal structure facing the [0001] direction, (b)
the Fe,03S1 cell, and (c) the Fe,03S2 cell. Yellow and blue shaded areas in (a) are the cleavage planes for the Fe,O;S1
and S2 cells as shown in the insets of (b) and (c), respectively. Atom colors red and gold represent O and Fe atoms,
respectively. Created with VESTA.%

Pure Pt was modeled with the four-atom face centered cubic (FCC) cell,*® relaxed in shape, volume,
and atomic positions, as seen in Figure 2a. This bulk structure was linearly transformed such that the
(111) surface is in the z direction and the supercell contains three Pt atoms. This bulk structure was used
to build two Pt(111) slabs: a hexagonal slab marked “Pt S1”, and another orthorhombic slab marked “Pt
S2”, as seen in Figures 2b and 2c, respectively (the notations for the slabs of Fe,Oz and Pt are similar
since, for example, the “Fe,03 S1”” and “Pt S1” will form the “S1 interface). Pt S1 contains four Pt atoms
per (111) atomic layer and Pt S2 contains six Pt atoms per (111) atomic layer.
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Figure 2 — Unit cells of Pt: (a) Bulk Pt in FCC structure facing [001] (left) and [111] (right) directions. (b) Pt S1 cell, and
(c) Pt S2 cell. In yellow and blue shaded areas in (a) are the cleavage planes for the Pt S1 and S2 cells, respectively. Atom
color gray represents Pt atoms. Created with VESTA.%

We consider the oxygen-terminated (0001) slab of hematite for several reasons. First, this
termination is known to be one of the more stable terminations of Fe,03,>*** where we can compare our
results to previous work.'> ** %3 % |n addition, we know there should be strong bonding between the
negatively charged O ions and positively charged Pt ions at the interface, which would result in this
termination being highly stable, more so than the Fe-terminated Fe,Os. This is supported by a previous
DFT study on Au and Pd adatoms which adsorbed more strongly to O terminated Fe,05(0001).>* Also,
previous DFT calculations found this termination stable in a similar interface of Pt(111)/Al,05(0001),
consistent with experiment in Pt(111)/Al,05(0001).* A final point is that since the (0001) and (111)
planes of Fe,O; and Pt, respectively, both have hexagonal symmetry, they can be arranged to build a
smooth epitaxial interface with relatively low miss-fit.

Two interfaces were constructed: an “S1 interface” with an orientation relationship of
Fe,03(0001)[1000]||Pt(111)[101] contains four stoichiometric units of Fe,O; with an oxygen terminated
(0001) surface and layers of Pt (111) planes appear on both sides in order to avoid forming a dipole across
the unit cell, as seen in Figures 3a and 3b. An “S2 interface” with an orientation relationship of
Fe,05(0001)[1100]||Pt(111)[101] contains four stoichiometric units of Fe,O; with an oxygen terminated
(0001) surface and layers of Pt (111) planes appear on both sides, as seen in Figures 3c and 3d. Both
interfaces were relaxed in atomic positions and relative translations of the two materials.
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Figure 3 — Unit cells of the Pt/Fe,O; interface: (a) S1 relaxed interface viewed from [111],[0001] directions of Pt and
Fe,0s, respectively. (b) S1 relaxed interface, side view. (c) S2 relaxed interface viewed from [111],[0001] directions of Pt
and Fe,O; respectively. (d) S2 relaxed interface, side view. Atom colors red, gold, and grey correspond to O, Fe, and Pt
atoms, respectively. Created with VESTA.®

Miss-Fit:

The miss-fit my, of lattice parameters of “material 1” relative to “material 2" is defined as®”>:

8,

(1m, = ala;

where a; and a, are slab lattice constants of “material 1” and “material 2”, respectively. An algorithm
exists to minimize this miss-fit by increasing the size of the supercell through multiplication of a; and a,
by integers until a minimum is reached, and doing this for every possible rotation of the interface.>”*° In
our case a minimum in the misfit is reached in non-feasible supercell sizes (>1000 atoms). The possible
slabs with a minimal misfit and a feasible system size are the S1 and S2 interface slabs defined above.

To deal with the miss-fit of these interfaces we use the following algorithm: we perform calculations
of total energy while relaxing ionic positions and constraining the lattice shape and vector lengths to a
parameter in the range: o € [al, az]. We calculate the total energy of the interface for a set of a values.
We then minimize the total energy per o, as suggested in ref. 60, but in addition, we choose a according
to the following criterion:

We choose slabs with the inner (non-interface) layers of Pt and Fe,O; that appear with a bulk-like
structure after relaxation, such that atomic symmetry, coordination numbers, and bond distances remain
intact and relatively close to those in the bulk materials (with a distortion smaller than the miss-fit).

6
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Without this criterion the o of the S2 interface does not change, while the o of the S1 interface differs by
0.1 A, the interface total energy differs by 0.6 eV, and the adhesion energy differs by 0.2 J/m?.

With this algorithm we find an optimal lattice vector length, a, for the S1 and S2 interfaces. We find
for the S1 interface: a;=b;=5.36 A, 0;=p;=90°, y,=60°, with 4.7% miss-fit on Pt and 5.1% miss-fit on
Fe,O; in both a; and b, lattice parameters. For the S2 interface we find: a,=8.63 A, b,=4.98 A,
a2=[32=y2=900, with 2.25% miss-fit on Pt and Fe,O; for the a, lattice parameter, and 2.3% and 2.25%
miss-fit on Fe,O5; and Pt respectively for the b, lattice parameter. All relaxed structures for the pure
materials (bulk and slabs) and the interfaces can be found in the supporting information.

Interface Energy of Adhesion:

The interface energy of adhesion (IEA) was calculated according to:***

(28Pt T €re,0, ) ~ Ept/Fe,0,

2Ay

where &; is the total energy of slab “i” with lattice vectors of the bulk “i” material that has a similar

(2) yadh =

number of atomic layers as in &pyp, o - Epyre,o, IS the energy of the relaxed interface with the optimal o

parameter. A, is the area of the interface. This formula measures the preference for forming an interface.

The IEA was converged up to 0.08 J/m? with a four stoichiometric unit thick layer of Fe,O; (for
the S1 interface with four Pt layers). In the S2 interface, the IEA was converged up to 0.05 J/m? with six
Pt layers. Overall, this converged the IEA of the S2 interface by 0.1 J/m% In S1 we encountered
convergence difficulties with respect to number of Pt layers. This slow convergence arises from the large
miss-fit in the S1 interface. Changing the lattice vectors from the ideal "a" to the Pt bulk parameters may
speed up convergence, however, there will be large strains in Fe,O; (an increase of 0.5 A in Fe-O bond
length). Nevertheless, with the ideal "o" the S1 interface geometry remains stable (<0.03 A changes in Pt-
O distances) with addition of Pt layers. Furthermore, as specified in the results, the S1 interface is
inherently less stable, with a lower IEA than the S2 interface at the same number of Pt layers.

Valence band edge position:

We calculated the valence band edge position relative to vacuum for the pure slabs of Pt(111) and
Fe,05(0001), respectively. This was performed by aligning the energy of the last occupied orbital relative
to the potential energy in the vacuum region.®

Charge transfer calculation:

We calculate a charge of valence electrons located in a region of space by integrating the self-
consistent charge density directly over that region, such that for instance, the humber of electrons in a
volume Q can be found by:

)Ny = [ p(¥)dQ
Q

Effective mass:

Effective carrier mass was calculated from the density of states (DOS). The conduction band DOS

curve can be approximated with a 3D isotropic, parabolic, band approximation:® &
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* \3/2
V [2m,
(4) gelec (E) = é:spin ?[ h2 j E - Eg

where & .. is the spin degeneracy factor, V is the volume of the oxide, Eq is the band gap, 7 is the

pin
reduced Planck's constant, and m’, is the effective electron mass. This approximation correlates the DOS
and effective mass such that the more abrupt and sharp the DOS conduction band peak is, the higher the
effective state’s mass (by power law of 2/3 as seen in Eq.4). We use this correlation to approximate the

change in effective mass in the oxide under metal coverage, a more specific explanation can be found in
the appendix A.1.

Metal/metal-oxide interface Schottky barrier:

In order to characterize the interface, in addition to DFT calculations we also use a Schottky-
Mott® model to gain insight on the interface energetic level alignment. This model roughly predicts the
height of the Schottky barrier, ®g, to be:

(5) q)B: (DPI _XFean

where ®p; is the Pt work function and Y(re.o. is Fe;03's electron affinity. To obtain ®p; we calculate the

valence band edge position in a pure Pt (111) slab with respect to vacuum. Yge.o. IS evaluated by
calculating the valence band edge in an oxygen terminated (0001) pure Fe,O; slab with respect to vacuum
and adding the band gap value calculated for the bulk material.

The Schottky barrier height can also be directly computed from the interface DOS by:

(6) Pe=Ec- Ef
where €. is the Fe,O3 conduction band energy and & is the Fermi energy in the interface.
Results and discussion

In this section, we introduce the results for the Pt(111)/Fe,O3(0001) interface in three sub-sections.
First, we show the geometries for two different crystallographic orientation relationships. Second, we
present the calculated interface energy of adhesion for each orientation and thereby determine which
orientation is most stable. Finally, we present the electronic structure properties of the most stable
interface orientation relationship and find that the effective mass of Fe,Os is reduced upon Pt coverage.

1. Interface Geometries:

We considered two possible interface orientation relationships that have a minimal miss-fit as
specified in the methods section (Figure 3). Our calculations show that the geometry of the S2 interface is
preferred, in agreement with experiment.®®® This is supported by several results: First, in the S2 interface
all Pt atoms are bonded to O atoms, while in the S1 interface there are Pt atoms that are not bonded to
Fe,O; (seen in Figure 3d and 3b, respectively). Second, since the S2 interface has a smaller miss-fit, the
bulk calculated geometries fit better with the experimental data (Table 1). Finally, the S1 interface has a
longer Pt-Fe,O3 separation distance than the S2 interface (Table 1), suggesting the Pt is less strongly
bonded to Fe,O; in the S1 interface.
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In addition, we notice Pt is affected more strongly than Fe,Os; by the lattice miss-match. This is
expressed in the inter-planar distances, which are distorted more strongly in Pt then in Fe,O; compared to
the bulk structures by a factor of about two (Table 1). This can be attributed to the mechanical properties
of each material. More specifically, in Pt the Poisson's ratio is 0.39,% while in Fe,05 a value of about 0.2
was previously measured and calculated.” ™ According to Poisson’s ratio, planer stresses (due to lattice
miss-fit) induce larger elongation of Pt at (111) planes spacing, in agreement with our results (Table 1).
These geometrical distortions are smaller for the S2 interface.

Table 1 — Spacing of Pt (111) planes and Fe,0; (0001) planes for bulk and interface structures.

Pt-Pt: d(lll) [A] 0-0: d(OOOl) [A] Pt-O: d(OOOl)- (111) [A]
Bulk - DFT+U 2.295 2.312 -
Bulk - Exp. 2.265" 2.292" -
S1 Interface 2.438 2.247 2.008
S2 Interface 2.232 2.328 1.967

2. Enerqy of Adhesion:

To verify that the S2 interface is more favorable energetically we calculate the IEA for both interface
structures. The IEA for the S2 interface is larger than that of the S1 interface for a given number of
several Pt layers (Table 2). We conclude that the IEA of the S2 interface is ¥4, =~ 2.85 + 0.1 J/m?, and
by extrapolating the values in Table 2 we expect that the IEA for S1 interface to be much smaller.

Table 2 — Adhesion energy with respect to varying number of Pt layers for the S1 and S2 interfaces.

Number of | S1 Interface Energy | S2 Interface Energy
Ptlayers | of Adhesion [J/m?] | of Adhesion [J/m?]

1 2.371 2.270

2 2.997 3.106

3 2.574 3.156

4 2.324 2.878

5 2.178 2.996

6 1.912 2.733

7 1.708 2.852

3. Electronic structure:

We now discuss the electronic structure of the stable S2 interface. There are several changes in the
electronic structure of Fe,Oz under Pt coverage at the S2 interface: a continuum of states is formed in the
gap, a Schottky barrier between the metal and metal-oxide emerges, there is reduction of effective mass in
Fe,0s, the position of the last occupied state is shifted, and there are changes in the charge density
distribution. Below we provide details.

3.1 Continuum of states

Upon addition of Pt metal over Fe,03, instead of a band gap there is a continuum of states, even in the
inner (non-interface) layers (Figure 4). The states involve hybridization of Pt 5d, Fe 3d, and O 2p states.
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This strong hybridization was previously observed to much less extent in bulk Pt-doped Fe,05.*° We
suggest this continuum can cause interface recombination which is unwanted in photo-catalysis.’ ™

3.2 Schottky barrier

Another disadvantage of metal coverage is the appearance of a Schottky barrier. A Schottky-Mott
model®® predicts ®g=0.71 eV (obtained from Eq. 5 with ®p=5.62 eV, Yr..0.=6.63 eV, valence band edge
of Fe,O; is 8.62 eV, and the band gap of Fe,O; is 2.29 eV). However, calculating the Schottky barrier
more accurately directly from the DOS (Eqg. 6) gives a value of: ®g=1.1 eV, which is more consistent
with a model that considers pinning of the Fermi level around the mid gap,’® ”" such that the barrier is
increased, and is roughly equal to half of the bulk band gap: ®g=~E,/2=1.14 eV.

3.3 Reduction in effective mass

In addition, upon Pt coverage the effective charge carrier mass is favorably reduced in Fe,0;. The
bulk Fe,O3 conduction band DOS peak is sharp and abrupt due to the high localization of Fe 3d orbitals
(Figure 4c). This causes a high electron effective mass previously calculated by us to be 3.98m..** After
Pt addition, Fe 3d conduction band states hybridize with Pt 5d states and have a wider distribution in
energy. As a result there is a decrease in the abruptness of this peak (Figure 4b) and a smaller electron
effective mass of 0.94m.. This is a conservative estimate, and in fact an upper limit for the new effective
mass. Errors in this estimate (caused mostly by approximation of the exact energy where a rise in the
conduction band DOS starts as shown in Appendix A) only lead to an even lower effective mass. The
reduction in effective mass should increase conductivity in Fe,Os, which is beneficial in catalytic systems.

10
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Figure 4 — Projected Density of States (PDOS) of the S2 interface: (a) the entire S2 interface, (b) the inner Fe,0; layers from
the S2 interface structure, and (c) bulk Fe,0;. DOS is normalized to a maximum total density of one. The vertical line at zero
is the last occupied orbital energy.

3.4 Shift in position of last occupied state

The last occupied state shifts towards the center of the gap (Figures 4a and 4c) of the metal-oxide
upon Pt metal deposition. This shift can be explained by a change in band edge alignments. We calculate
the valence band edge for The Pt(111) and Fe,03(0001) oxygen terminated surfaces to be: 5.62 and 8.62
eV. This is in agreement with experimental measurements of 6.10 eV’® for Pt(111) and theoretical
calculations with PW92+U (U=4 eV) of 8.58 eV for the Fe,05(0001) oxygen-terminated surface.”® Since
the valence band of Pt is higher than that of Fe,O3;, electrons transfer from Pt to Fe,Oz until equilibrium is
reached, as reflected in the shift of the last occupied level.

3.5 Charge density distribution

The shift in the position of the last occupied state is confirmed by calculating the total number of
electrons in each material with the charge density (Eg. 3) and comparing the charge density of the
interface with that of the two pure material bare surfaces. We find that about two electrons (2.2e) are
transferred from six Pt to six O atoms at the interface upon adhesion. This is further verified with a Bader
charge analysis which reveals each interface O atom carries an additional 0.3e charge compared to the
oxygen surface charge (0.6e Bader charge on each surface oxygen atom before Pt deposition), resulting in

11
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a total of 1.8e gain in for all six surface oxygen atoms. This gain of electrons in the O atoms is apparent
by loss of electrons in the Pt d,z orbitals perpendicular to the interface as can be observed in Figure 5a,
and previously noted in Pt, Au, Pd, and Ru bilayers over Fe,05.° The excess of electrons in Fe,O; could
have a positive effect on transport at the interface.

Q-9 8-\
© 0 0 O ¢
80080

;e [OOOILIL[lll]

A A4

v

negative  positive

Figure 5 — Charge density difference plot between the S2 interface and corresponding Pt S2 and Fe,O3; S2 pure slabs fixed
to similar geometry. Charge density contour is +6 me/A%. Blue and yellow correspond to negative and positive contours,
respectively, where negative is absence of electrons. Created with VESTA %

Conclusions

We studied the Pt/Fe,O; interface at two different orientation relationships and find in agreement with
experimental measurements®®®® that the Fe,03(0001)[1100]|Pt(111)[101] orientation is the most stable.
Compared with the second interface orientation studied, this interface has a relatively large calculated
adhesion energy of y,4n =~ 2.83 + 0.1 J/m?, a high hexagonal symmetry, and long range atomic order.
Therefore, this interface could be manufactured with less interfacial defects.

Upon covering Fe,Os; with Pt, Fe,O; exhibits several electronic structure changes. The strong
hybridization between Fe and Pt states causes a reduction of the electron effective mass in the metal-oxide
from 3.98m, to 0.94m,. This reduction could improve overall charge transport in a PEC cell and improve
chemical reactions that couple charge transport. In addition, we calculate a large electronic charge
relocating from the metal to the metal-oxide, which could have a positive influence on conductivity across
the interface. These effects could be beneficial for catalysis over the Pt/Fe,O; interface, and since we
calculate them at the interface we expect them to be most noticeable in ultrathin and nanoparticle sizes of
Fe,0s.

On the other hand, we find a continuum of states throughout the forbidden gap of Fe,O; with Pt
coverage. A continuum of surface states is likely to cause strong interface recombination. Furthermore,
we find a Fermi level pinning with a Schottky barrier height of 1.1 eV for the Pt/Fe,O3 junction. In order
to overcome these issues, we suggest placing Pt as a back contact far from the electrolyte in a PEC cell.
The external potential in a PEC will help electrons overcome the Schottky barrier. In addition, the

12
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distance between Pt and the electrolyte will help the electrons avoid recombination with holes that
accumulate near at the oxide/electrolyte interface during the water oxidation reaction.

We believe that these changes in the electronic structure of the oxide upon metal coverage also occur
in other metal/oxide interfaces. We anticipate that understanding of how metal coverage changes the
electronic structure of oxides will advance the development of future catalysts and electronic devices. For
this purpose, our future work will focus on investigating more metal/oxide interfaces.
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Supporting Information Available
We provide relaxed geometries for the S1 and S2 pure Fe,Os, pure Pt, and interface structures.

Appendix A: Calculating effective mass reduction in the interface

The calculation of the effective mass in Pt-covered Fe,O3; from the DOS (fitting Eq. 4 by method
of least squares) involves several steps. First, we must reduce the “background” states created by the
interface. This is accomplished by using the Fe PDOS since the conduction band is comprised mostly of
Fe 3d orbitals in Fe,Os. Second, we set the conduction band edge value around the initial rise of DOS +
0.3 eV since in the interface there is no obvious forbidden gap. Since the DOS effective mass is an
estimate to the band diagram effective mass we only use the ratio obtained between pure and Pt-covered
Fe,O; and multiply this ratio by the value previously calculated (with a higher level of accuracy) to be
3.98me in pure Fe,0:.% This results is the upper limit of 0.94m, for the Pt-covered Fe,Os (the least
conservative estimate results in 0.27m.). As seen in Figure A.1, the DOS of Pt-covered Fe,Os rises much
less abruptly than in pure Fe,0s.
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Figure A.1 - Fe PDOS in pure and Pt-covered Fe,0;. Dashed lines are the fitted models according to Eq. 4. The x axis is energy
such that zero is set to the band gap value. In Pt-covered Fe,0; the background of surface states is deducted from the Fe

PDOS.
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