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Structural Effect on the Oxygen Evolution Reaction in the Electrochemical
Catalyst FePt
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We investigated the overpotential of the oxygen evolution reaction for the FePt catalyst by using a
density functional theory calculation. We conducted the calculation for two types of FePt catalysts:
FePt with an ordered L1y crystal structure and FePt with atoms randomly distributed at the
face-centered-cubic (FCC) crystal sites. First, we investigated the surface energy of the L1y FePt
surface and concluded that the reacting surface was a (111) surface because of its low surface energy.
Next, we calculated the free energy of the oxygen evolution reaction (OER) steps and obtained the
theoretical overpotentials for the two types of FePt catalysts. The overpotentials for the ordered
L1y and the disordered FCC FePt catalysts were found to be 2.26 V and 2.17 V, respectively. The
disordered FCC FePt is expected to have a higher catalyst activity than the ordered L1y FePt.
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Table 1. Surface energy and surface energy per fomular
unit of d-FePt with different surface coordinates.

Orientation Slab Energy Surface Energy

[eV /fomular unit] [meV/A?]
(100) -12.02 32.80
(110) -11.83 42.41
(111) -12.09 26.98
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Fig. 1. (Color online) Lattice structure of o-FePt with
(a) (100), (b) (110), (c) (111) surface coordinates.

Fig. 2. (Color online) Lattice structure of (a) o-FePt and
(b) d-FePt.
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Table 2. Free energy of reactant and product with o-FePt and d-FePt catalyst.

Free Energy [eV] * o~ OH* OOH" H,0O H,
o-FePt -782.70 -788.04 -792.45 -796.45 -14.03 -6.72
d-FePt -769.19 -774.88 -779.05 -783.38 -14.03 -6.72

Table 3. Free energy of reaction steps in 0 V and 1.23 V (@) (b)

when o-FePt catalyst is used [eV]. N ")

H JH
Voltage Step 1 Step 2 Step 3 Step 4 00 0 6 (e ] 00 O 6 O ©
egm b eh 0 0006 .. 0000
' ' ' ' ' ort O000 o 0000
0000 00000

Table 4. Free energy of reaction steps in 0 V and 1.23 V
when d-FePt catalyst is used [eV].

Voltage Step 1 Step 2 Step 3 Step 4
oV 0.80 0.81 2.17 1.14
1.23 V -0.43 -0.42 0.94 -0.09
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Fig. 3. (Color online) OH™ molecule’s position on the
surface of (a) o-FePt and (b) d-FePt during OER.
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Fig. 4. (Color online) Free energy variation through OER
with (a) o-FePt and (b) d-FePt catalyst.
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