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Fig. 1. (color online) Side view (a) and top view (b) of YSZ surfaces. Twenty stable sites for a Ni adatiom

are also shown in (b). Side view (c) and top view (d) of YSZ 4O surfaces with an additional oxygen atom

filling the vacancy site indicated by the circle.
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Table 1. Adsorption energies (F,qs) of Ni on YSZ(111) and the bond lengths of Ni—O, Ni—Zr,
Ni—Y(dni— 0, dNi—Zrs dNi—Y ), and the number of electrons transferred (Ni-chg(e)) from the Ni adatom to

the support for different adsorption sites.

Eads dni—o/A dni—z:/A dni—v/A Ni-chg/e
Ni/YSZ
1 2.85 2.03, 1.93, 1.90 2.50, 2.76, 2.44 0.03
2 2.66 1.91, 1.82 2.37, 2.70 0.16
3 2.40 1.89 2.76 3.25 0.02
4 2.36 1.89 2.97 0.03
5 2.35 1.89 2.96 3.02 0.02
6 1.87 1.97, 1.96 2.37 2.83 0.19
7 1.44 2.10, 2.05 2.88, 2.91 0.15
8 2.44 1.89 2.73 0.02
9 2.43 1.88 2.99 0.03
10 2.43 1.88 2.82 3.27 0.02
11 1.97 1.90 2.79 0.08
12 2.30 1.89 2.89 0.02
13 2.28 1.89 2.86 0.03
14 1.86 1.97, 1.96 2.36 2.84 0.19
15 2.44 1.89 2.96 0.06
16 1.89 2.03, 1.90 2.37, 2.97 3.19 0.19
17 2.07 1.90 2.99, 2.95 0.05
18 2.45 1.88 2.93 0.05
19 2.30 1.90 2.84 0.03
20 2.00 1.89, 2.07 2.86, 2.43 3.22 0.21
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Fig. 2. (color online) (a) Top view of Ni; /YSZ surface;
(b) top view of Nij /YSZ+O surface.
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Fig. 3. (a), (b) The density of states of Niy /YSZ and detailed three peaks near the Fermi energy, respectively;

(c), (d) the density of states of Nij /YSZ+O and detailed three peaks near the Fermi energy, respectively.
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F 2 BANiJRFIEYSZ(111) F YSZ+O i EAFAL B IR S (Eaqs), CO 2 F7E YSZ M YSZ+0, Niy /YSZ
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Table 2. Adsorption energies (Eaqgs) of Ni atom and CO on YSZ(111) and on Ni/YSZ, the bond lengths of
Ni—O(dni—o) and Ni—C(dni—¢), the number of electrons transferred from the Ni adatom to the support

(Ni-chg) and the number of electrons transferred from the CO molecule to the support (CO-chg).

Eaqs/eV dNifo/A dni—c/A Ni-chg/e CO-chg/e/O2-chg/e
Niy /YSZ 2.85 2.03, 1.93, 1.90 0.03
Ni1 /YSZ+0 7.81 1.92, 1.94, 1.86 ~1.06
CO-YSZ 0.11 0.06
CO-YSZ+0O 0.67 0.04
02- Niy /YSZ 2.57 1.94, 2.02, 1.77 —0.98 1.15
02-Ni; /YSZ+0O 0.31 1.93, 1.98, 1.85, 2.01 —1.23 0.24
CO-Niy/YSZ 1.78 2.16, 1.99 1.68 —0.36 0.34
CO-Ni; /YSZ+O 0.42 2.00, 2.06, 1.81 1.86 —1.04 0.07
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Fig. 4. The free CO2 molecule (solid line), as well as
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Abstract

Solid oxide fuel cell (SOFC) is expected to be a crucial technology in future power generation due to its advantages
of high efficiency, fuel adaptability, all-solid state, modular assembly, and low pollution. The Ni/YSZ (yttrium-stabilized
zirconia) cermet is the most popular anode material in SOFCs. However, a major problem is that it can be easily
oxidized, thus resulting in the decline of long-term stability and activity as an anode catalyst. A better performance of
the Ni/YSZ cermet can be obtained by improving its microstructure as well as the Ni distribution in it. Interactions
between Ni and the yttria-stabilized zirconia (YSZ) (111) or oxygen-enriched YSZ(111) (YSZ+O) surface are studied in
terms of the first-principles method based on the density functional theory with particular focus put on the activity of
the Ni atom at the interface. The geometric and electronic structures of CO and Oz on the Ni; (the single Ni atom)/YSZ
and Ni; /YSZ+O surfaces are also studied. It is found that the Ni atom tends to be adsorbed to O sites and away from
the Y atoms on both the surfaces. The most favorable adsorption site is the oxygen vacancy, which has an adsorption
energy of 2.85 eV. Compared with YSZ, the single Ni atom loses 1.06 electrons and is oxidized as Ni* on YSZ+O,
which produces a strong interaction between the Ni atom and YSZ+O. Strong adsorption is mainly attributed to the
interaction between Ni 3d and O, 2p orbitals. And the oxidation of Ni can lead to the decrease of electrocatalytic
activity of the Ni catalyst. The d-band DOS (density of states) peaks of the Ni; /YSZ+O are lower than that of the
Nii/YSZ, and the corresponding d-band centers are shifted away from the Fermi level to lower energy with the eq4 value
of —3.69 eV; therefore the CO and Oz adsorption is weakened. While the adsorption energy for CO on the Ni; /YSZ+O
(0.42 V) is much lower than that on the Nii/YSZ surface (1.78 €V). In addition, the adsorbed CO gains 0.07 electrons,
less than those on the Ni; /YSZ surface (0.34 €). The adsorption energy of Oz on Ni; /YSZ+O also decreases (0.34 V)
and gains fewer electrons (0.24 e) as compared with the corresponding values (2.57 €V, 1.15 eV) on Ni;/YSZ. Results
would improve our understanding on the mechanism of oxidation of Ni on the Ni/YSZ anode of SOFCs and would be of

great importance for designing highly active catalysts used for fuel cells.

Keywords: Ni/yttrium-stabilized zirconia, CO adsorption, first-principles study
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