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Element

Ueff (eV)
Ref

Element

Ueff (eV)

Ref

Sc

5.0

Zr

4.0

10

Ti

4.2

Nb

4.0

11

Cr

35

Tc

4.5

cd

2.0

12

Fe

4.0

La

5.0

13

Co

3.4

Ce

5.0

14

Ni

6.0

Pr

4.5

15

Cu

6.0

Nd

6.0

16

Zn

8.0

Sm

35

6.2

17

Table S1 U« (eV) value of transition metal elements.
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Table S2 Distance between the doping metal and oxygen.

Metal-oxygen distance (A)

distancel distance 2 distance 3 distance 4 distance5 distance 6  distance 7
\' 2.131 1.962 1.960 1.698 3.121 3.436 2.041
Cr 2.889 1.803 1.876 1.806 2.870 3.452 1.909
Mn 2.467 2.636 2.110 2.812 2.098 2.390 2.208
Fe 2.633 2.055 2.125 2.025 2.836 2.053 2.082
Co 1.780 3.680 3.357 3.666 1.774 1.757 1.868
Ni 1.805 1.848 1.805 3.662 3.385 3.690 1.887
Cu 1.839 3.705 3.324 3.684 1.837 1.841 1.878
Zn 1.997 3.501 2.010 3.517 1.995 3.191 1.955
Nb 2.580 1.942 2.424 1.941 2.602 1.950 2.005
Tc 2.646 1.790 2.745 1.787 2.694 1.757 1.903
w 2.428 1.837 2.399 1.837 2.869 1.825 1.924
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Table S3 Relevant properties calculated by DFT for metal and metal-doped catalysts.

Espin® BG? DBC® vBM? CBMe WFf Edope?

(eV) (eV) (eV) (eV) (eV) (eV) (eV)
\Y -6.43 1.21 -0.27 -0.51 0.70 4.96 3.39
Cr -5.91 1.80 0.14 -1.10 0.70 5.60 441
Mn -6.82 0.56 -3.04 -1.25 -0.68 5.76 7.24
Fe -5.45 0.93 -1.69 -1.16 -0.23 5.76 7.29
Co -4.71 0.22 -2.38 -1.37 -1.15 5.94 8.29
Ni -2.40 0.34 -3.16 -1.43 -1.09 6.17 9.03
Cu -2.39 0.27 -3.84 -1.44 -1.17 6.22 10.48
Zn -0.79 0.61 -6.97 -1.42 -0.81 5.94 8.98
Nb -7.34 0.43 -4.14 0.33 0.76 4.35 0.96
Tc -10.99 0.11 -3.64 0.43 0.54 4.49 5.76
w -13.64 0.55 -3.20 0.22 0.77 4.39 2.64

A: the energy of single metal atom. b: band gap. C: d band center. D: valence band maximum. E: conduction band minimum. F: work function.

G: the energy of doping formation.
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Table S4 Adsorption energies of NH;-related species on metal-doped CeO,.

ENH3 ENHZ-H ENH-ZH EN-3H EH
(ev) (ev) (ev) (ev) (ev)
v -0.67 -1.26 -1.41 -1.42 -3.58
cr -0.54 -1.36 -1.44 -1.47 -4.23
Mn -1.62 -1.81 -2.10 -1.98 -4.96
Fe -0.40 -1.54 -0.70 0.14 -5.17
Co -1.35 -1.47 -1.13 -1.49 -4.94
Ni -1.62 -1.49 -1.76 -1.56 -5.22
Cu -1.09 -1.09 -1.35 -1.66 -5.24
Zn -1.38 -1.48 -1.91 -1.95 -5.09
Nb -0.36 -0.90 -0.22 0.51 -3.91
Tc 0.23 0.15 -0.59 -2.48 -3.07
w -0.05 -0.33 -0.29 0.29 -3.40
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Figure. S1 Relative energies of Ni-doped, V-doped, and Nb-doped CeO, surfaces and the

structures of adsorbed species (NH;, NH, H, NH_2H and N_3H) on the corresponding surfaces

at different k-point mesh density.
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Figure. S2 Structural diagrams of pure CeO, and CeO, doped with different transition metals.

S8



\"/ Cr Mn Fe Co

-

= 0
W» ":(“):P‘-Q‘-x.» \Y’-W\. Q‘Q«Q}\, Q&%\’ Side

D6 2o TR A, S
NH; %j 45*} %Zﬁ) J&?‘Jjg <?$f> ﬁ%{«.ﬁg o
Iy Uf FH, SR 7{}&” K

Q»k Qa-f\ & Q’i‘,&s\(\. m‘_ m Side

view

SN VIRV Vs =
NHH << ff;jﬁa fcf m tfﬁfr RS2 fRS
= X RO COPR A, OXO? I
TR Q D f 2.0 ff 20K 5‘ W 4L el

PSS N ¢% S vy ,;,gsu QA\‘@;

'PQ} . Pfﬂ)?%f() Y SAA
5 TS S LD R
2 e *@»j U%@ ST SIS SONPZ S 2o

)_
LR Ll %&&V PSS SRS S O
B — 7
N-3H /:4/} (&3 <€§f j /fm;{rj ‘@ﬁgl
L SRl A )F SAPRS) e
1(’ W —(}— —<  view
J)/))* ‘E@:f\il Q)YLH {)j;t \ /{gf\i\@

Figure. S3 Adsorption structures of NH;, NH,-H, NH-2H and N-3H on metal (V, Cr, Mn, Fe, and
Co)-doped CeO,.
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Figure. S6 Oxygen vacancy formation as function of the adsorption energies of (a) NH3, (b) NH,-
H, (c) NH-2H, and (d) N-3H species in NH; dissociation.
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