Supplementary Information (SI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2025

Supplementary Information

Theoretical study on nitrobenzene hydrogenation to aniline
catalyzed by M,/Ce0,.(111) single-atom catalysts
Haohao Wang 2, Min Pu 2, Ming Lei @
9 State Key Laboratory of Chemical Resource Engineering, Institute of Computational
Chemistry, College of Chemistry, Beijing University of Chemical Technology, Beijing

100029, China

*Email: leim@mail.buct.edu.cn (Ming Lei)


mailto:leim@mail.buct.edu.cn

Table of Contents
Fig. S1 The side and top view structures of M;/Ce0,(111) sUrfaces.......ccceeveerireevreerveeineens S1
Fig. 52 Density of states (DOS) of M1/Ce05(111) SUMfACES. .....ceevreeririeirierieereesreeereenreesaneens S2
Fig. S3 Charge density difference of M;/Ce0,(111) surfaces, the data in the figure are the
Bader charges (qv) of the doped metals, with the unit |e| (the isosurface value was set to be

0.005 €/A). ettt ettt ettt ettt ettt et et et et et et eaeteeeestet et et eeereaenenenens S3
Fig. 54 The side and top view structures of M;/Ce0,.,(111) SUrfaces.......ccceeuervvrevreerveerneens sS4
Fig. S5 The spin density of M;/Ce0,.,(111) surfaces, the data in the figure are magnetic
moments, with the unit yz (the isosurface value was set to be 0.005 €/A).......ccovveeeveennn. S5

Fig. S6 The side and top view structures of H, adsorption on M;/Ce0,.,(111) surfaces....... S6

Table S1 Atomic radius (ry), average M-0 bond length (dw.0), Bader charge (gy), magnetic
moment (Magy), d-band center (ed_,,) of doped metal atoms in M;/Ce0,(111) and M;/CeO..
«(111) surfaces, the binding energies (E,), the cohesive energies (E.,,) and the oxygen vacancy
formation energies (E,,) of M1/Ce0,(111) SUMACES. ....cccveeiriecieeieeciee et eve et reereeaee S7

Note S1 The thermodynamics of the uncatalyzed reaction.. ......cccccceecvieiiiiciei e, S8



0s,/Ce0,(111) Iry/Ce0,(111) Pt,/Ce0,(111) Au,/Ce0,(111)

Fig. S1 The side and top view structures of M;/Ce0,(111) surfaces.
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Fig. S2 Density of states (DOS) of M;/Ce0,(111) surfaces.
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Fig. S3 Charge density difference of M;/Ce0,(111) surfaces, the data in the figure are the
Bader charges (qy) of the doped metals, with the unit |e| (the isosurface value was set to be

0.005 e/A).
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Fig. S4 The side and top view structures of M;/Ce0,_,(111) surfaces.
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Fig. S5 The spin density of M;/Ce0,,(111) surfaces, the data in the figure are magnetic
moments, with the unit yz (the isosurface value was set to be 0.005 e/A).
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Fig. S6 The side and top view structures of H, adsorption on M,/Ce0,.,(111) surfaces.

S6



Table S1 Atomic radius (ry), average M-0 bond length (dw.o), Bader charge (qy), magnetic
moment (Magy), d-band center (ed_,,) of doped metal atoms in M;/Ce0,(111) and M;/CeO..
«(111) surfaces, the binding energies (E,), the cohesive energies (E.,,) and the oxygen vacancy
formation energies (E,,) of M;/Ce0,(111) surfaces.

M;/Ce0,(111) M;/Ce0,,(111)

rm duo aqu Magw Edm E, Econ dv.o am Magy €4 m Eay

(A) (A (lel) @y (V) (eV) (V) (A) (lel) @g (eV) (eV)
Fe 1.24 183 2.77 3.24 -162 7.69 495 192 149 382 -3.06 144
Co 125 1.79 150 046 -230 748 464 197 129 242 -322 1.46
Ni 1.25 1.82 1.19 096 -3.14 7.16 3.27 199 112 151 -240 0.88
Cu 128 1.8 163 0.15 -570 6.09 2.23 203 104 054 -246 0.63
Ru 1.33 194 157 264 -212 769 668 189 165 -0.28 -503 1.79
Rh 1.35 191 1.28 1.62 -3.36 7.33 4.05 216 118 1.12 -392 214
Pd 1.38 195 1.06 0.70 -2.68 5.89 225 221 089 119 -3.10 1.10
Ag 144 200 106 -0.01 -248 465 159 244 087 -036 -2.53 -0.06
Os 134 189 154 130 -580 9.18 493 211 131 0.10 -4.87 3.16
Ir 1.36 191 139 1.65 -445 959 339 227 077 168 -193 3.25
Pt 139 193 119 080 -1.51 882 166 217 089 121 -390 2.67
Au 144 199 105 0.04 -486 6.49 061 234 062 032 -226 1.22
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Note S1 The thermodynamics of the uncatalyzed reaction.
It is important to present the thermodynamics of the uncatalyzed reaction, especially for the
conversion of PhNO, to PhNO, then to PhNHOH, and further to PhNH,. The relevant
thermodynamic equations and Gibbs free energy changes (AG) for each step are listed below:
1. PhNO, to PhNO:
PhNO, + H, = PhNO + H,0
AG; = Gipnnoy + Girz0) - Giphnoz) - Grz) = -83.46 + (-14.14) - (-89.93) - (-6.66) = -1.01 eV
2. PhNO to PhNHOH:
PhNO + H, - PhNHOH
AG; = Gipnron) - Giprno) - Giraz) = -91.16 - (-83.46) - (-6.66) = -1.05 eV

3. PhNHOH to PhNH,:

PhNHOH + H, = PhNH, + H,0

AG3 = Giphnnz) + GiHao) - Giphnon) - Giz) = -86.21 + (-14.14) - (-91.16) - (-6.66) = -2.54 eV

4. Overall reaction (PhNO, to PhNH,):

PhNO, + 3H, - PhNH, + 2H,0
AG = AGy + AG, + AGs = i) + 2Gt120) - Gphno) - 3Gz = -86.21 + 2%(-14.14) - (-89.93) - 3%(-

6.66) = -4.60 eV

Therefore, the uncatalyzed reaction of PANO, to PhNO, then to PANHOH, and further to PhNH,
are exothermic. Overall, the uncatalyzed reaction of PhNO, to PhNH, is also exothermic, with

a total Gibbs free energy change of -4.60 eV.

S8



