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1. The details of DFT+U tests

In order to study the effect of the strong electron correlation of Zr and Y, we
made test calculations using the DFT+U method', where the parameter U is
equivalent to the Uy (=U - J). We first test the U value of the Zr element in the
c-ZrO, structure. The U dependent band gap is shown below. The predicted band gap
of ¢-Zr0O; is 3.1 eV with U=0, which is smaller than the experimental values (5.4, 5.7
eV)>?, but agrees with other first-principle studies®. It is shown that the band gap
has the biggest value when U=5, so we will select the U = 5 eV for further test. For
the cubic Y,03, the calculated bond gap is 4.1 eV with U = 0 eV, which agrees with
other first-principle studies® and is smaller than the experimental value’ of 6 eV. Our
tests with different U values for Y in the cubic Y,O3 structure show that the band gap
tends to be reduced with the addition of U. For example, even with a small value of U
(e.g., 1 eV), the calculated band gap decreases to 4.0 eV. So we choose a U= 0 ¢V for
Y for further test.
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So we make test using the U values of 5 eV for Zr and 0 eV for Y to check the
influence due to strong electron correlation. We calculate the S adsorption energies on
the NiSn-d/YSZ and NiSn-d/YSZ-Ov systems. It is found that for the case of
NiSn-d/YSZ, the S adsorption energies have no change at all the sites, while for the
case of NiSn-d/YSZ-Oyv, the S adsorption energies only increase a little (about 0.1 eV),
which is about 2% of the original values. It is therefore expected that the strong
electron correlation does not have significant influence on our results. Therefore, in
the calculations, we do not take into consideration the strong electron correlation of
the d electrons of Zr and Y.
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2. The structure (.cif format) of the triple phase boundary (TPB) Ni/YSZ model

Cell length a 12.5659 A
Cell length b 7.25492 A
Cell length ¢ 22.4045 A
Cell angle alpha 90 degree
Cell angle beta 90 degree
Cell angle gamma 90 degree

Fractional coordinates
o1 O 0.22343130  0.28661010  0.33089105

02 O 0.72860003  0.29506934  0.31166182
03 O 0.43772072  0.98467982  0.35636757
04 O 0.95452958  0.98463684  0.35561758
o5 O 0.43515733  0.49410009  0.33152626
06 O 0.95503658  0.48592708  0.33458872
07 O 0.22309522  0.69591635  0.32817790
08 O 0.72596580  0.68148553  0.31108350
09 O 0.04052075  0.74455637  0.26895250
o010 O 0.53306246  0.74744105  0.26407706
Oo11 O 0.04305528  0.22726719  0.27145808
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012 O 0.53874207  0.22225457  0.27295199
013 O 0.30578643  0.99726784  0.26493051
014 O 0.81511265  0.98364961  0.26562746
Oo15 O 0.14035252  0.49396846  0.20776984
016 O 0.63877290  0.49514255  0.20299126
017 O 0.13222037  0.96768701  0.19949763
Oo18 O 0.63740796  0.97655070  0.19892752
019 O 0.35209921  0.70992750  0.20953112
020 O 0.87430638  0.69455707  0.20765158
021 O 0.36709654  0.29470775  0.21506807
022 O 0.86536038  0.26247197  0.20633769
023 O 0.46039787  0.50011885  0.13012647
024 O 0.96266752  0.49197710  0.12892129
025 O 0.20777708  0.73084933  0.12779593
026 O 0.71247935  0.73768771  0.12890444
027 O 0.45315722  0.96928787  0.13758766
028 O 0.95420396  0.96970898  0.13554058
029 O 0.21974532  0.22831763  0.13056542
030 O 0.71580619  0.23354810  0.12860996
031 O 0.04444443  0.73333329  0.06609843
032 O 0.54444444  0.73333329  0.06609843
033 O 0.29444444  0.48333332  0.06609843
034 O 0.79444444  0.48333332  0.06609843
035 O 0.29444444  0.98333329  0.06609843
036 O 0.79444444  0.98333329  0.06609843
037 O 0.04444443  0.23333330  0.06609843
038 O 0.54444444  0.23333330  0.06609843
039 O 0.12777777  0.98333329  -0.00000000
040 O 0.62777776  0.98333329  -0.00000000
041 O 0.37777776  0.73333329  -0.00000000
042 O 0.87777776  0.73333329  -0.00000000
043 O 0.37777776  0.23333330  -0.00000000
044 O 0.87777776  0.23333330  -0.00000000
045 O 0.12777777  0.48333332  -0.00000000
046 O 0.62777776  0.48333332  -0.00000000

7147 Zr 0.11709662  0.48671404  0.29931145
Zr48 Zr 0.60304880  0.48792651  0.29717798
Zr49 Zr 0.38000715  0.22582737  0.30609058
Zr50 Zr 0.88753015  0.21764235  0.30430837
Zr51 Zr 0.37855238  0.75854707  0.30217078
Zr52 Zr 0.88720816  0.75071239  0.30458287
Zr53 Zr 0.28664348  0.96441025  0.16323637
Zr54 Zr 0.79096222  0.99869627  0.16412674
7155 Zr 0.29536203  0.48339701  0.15939506
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7156 Zr
Zr57 Zr
Zr58 Zr
7159 Zr
7160 Zr
7161 Zr
Zr62 Zr
Zr63 Zr
Zr64 Zr
Zr65 Zr
Zr66 Zr

Y67
Y68
Y69
Y70

Y
Y
Y
Y

Ni71 Ni
Ni72 Ni
Ni73 Ni
Ni74 Ni
Ni75 Ni
Ni76 Ni
Ni77 Ni
Ni78 Ni
Ni79 Ni
Ni80 Ni
Ni81 Ni
Ni82 Ni
Ni83 Ni
Ni84 Ni
Ni85 Ni
Ni86 Ni
Ni87 Ni
Ni88 Ni

0.79641414
0.03838487
0.55296409
0.46111110
0.96111113
0.46111110
0.96111113
0.21111110
0.71111113
0.21111110
0.71111113
0.13884920
0.64327800
0.04591907
0.54015672
0.52352196
0.52815574
0.52786851
0.60392570
0.70292187
0.79337257
0.70351076
0.70042324
0.79342824
0.56235069
0.60403836
0.69088477
0.87341660
0.87608069
0.68984085
0.68979913
0.82706916
0.87499219

0.48497048
0.73389477
0.73708493
0.98333329
0.98333329
0.48333332
0.48333332
0.73333329
0.73333329
0.23333330
0.23333330
0.98447388
0.98313642
0.23287897
0.23627263
0.48979765
0.15173259
0.82793009
0.32541695
0.66657609
0.32605463
0.31055400
0.98624593
0.65748686
0.99157852
0.65823263
0.49187720
0.48980084
0.83050001
0.15693712
0.82679218
0.99105060
0.14972346

0.15909405
0.16675837
0.16413808
0.03304922
0.03304922
0.03304922
0.03304922
0.03304922
0.03304922
0.03304922
0.03304922
0.30067932
0.30097464
0.16745736
0.16875897
0.40650023
0.41206836
0.41093149
0.48903870
0.39757751
0.49528039
0.39790052
0.44149132
0.49491928
0.50792867
0.48889067
0.56808779
0.41147281
0.42170460
0.56607640
0.56596662
0.51680157
0.42238655
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