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Supporting Information 

 

This document contains the following supporting information figures:  

Figure S1 and S2:  Photoionization mass spectra for AuCemOn and CemOn clusters, respectively.   

Figures S3-S14:  PIE spectra and DFT-calculated structures for Ce3On and AuCe3On clusters.   

Figure S15:  Calculated Au, O and CeO2 bonding energies for Ce3On and AuCe3On clusters.   

Figures S16-S29:  Calculated neutral and cationic Ce3On and AuCe3On geometries showing bond lengths 

and structure point groups. 
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Figure S1:  Typical mass spectrum of AuCemOn
+ clusters recorded following photoionization at 213 nm (5.82 eV). The 

AuCemOn  and CemOn ion peaks are labelled with ladders. 
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Figure S2:  Mass spectrum of CemOn
+ clusters recorded following photoionization at 213 nm (5.82 eV).  The CemOn ion 

peaks are labelled with ladders. 
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Figure S3:  a).  PIE spectrum for the Ce3 cluster.  Experimentally recorded and calculated PIE spectra are shown as 

solid and dotted black lines, respectively.  Calculated ZEKE spectra for underlying ionization transitions are shown 

below the PIE spectra in green, red purple and blue.  The downward arrow indicates the adiabatic IE, the lowest 

energy origin transition.   b).  Calculated Ce3 structures and ionization processes.  Ionization transitions are shown as 

coloured arrows which correspond to their respective ZEKE spectra.  Ionization processes not considered to 

contribute to the PIE spectrum – due to weak FC overlap - are shown as dotted grey arrows. 
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Figure S4:  a).  PIE spectrum for the Ce3O cluster.  Experimentally recorded and calculated PIE spectra are shown as 

solid and dotted black lines, respectively.  The calculated ZEKE spectrum for the underlying ionization transitions is 

shown below the PIE spectrum in green.  The downward arrow indicates the adiabatic IE, the lowest energy origin 

transition.  b).  Calculated Ce3O structures (Ce is white and O is red) and ionization processes.  Ionization transitions 

are shown as coloured arrows which correspond to their respective ZEKE spectra.  Ionization processes not 

considered to contribute to the PIE spectrum – due to weak FC overlap - are shown as dotted grey arrows. 
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Figure S5:  a).  PIE spectrum for the Ce3O2 cluster.  Experimentally recorded and calculated PIE spectra are shown as 

solid and dotted black lines, respectively.  Calculated ZEKE spectra for underlying ionization transitions are shown 

below the PIE spectrum in green, red, violet, blue and magenta.  The downward arrow indicates the adiabatic IE, the 

lowest energy origin transition.  b).  Calculated Ce3O3 structures (Ce is white and O is red) and ionization processes.  

Ionization transitions are shown as coloured arrows which correspond to their respective ZEKE spectra.  Ionization 

processes not considered to contribute to the PIE spectrum – due to weak FC overlap - are shown as dotted grey 

arrows. 
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Figure S6:  a).  PIE spectrum for the Ce3O4 cluster.  Experimentally recorded and calculated PIE spectra are shown as 

solid and dotted black lines, respectively.  Calculated ZEKE spectra for the underlying ionization transitions are 

shown below the PIE spectrum in green, red, violet, blue, magenta, lime and orange.  The downward arrow indicates 

the adiabatic IE, the lowest energy origin transition.  b).  Calculated Ce3O4 structures (Ce is white and O is red) and 

ionization processes.  Ionization transitions are shown as coloured arrows which correspond to their respective ZEKE 

spectra.  Ionization processes not considered to contribute to the PIE spectrum – due to high ionization energies - 

are shown as dashed grey arrows. 
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Figure S7:  a).  PIE spectrum for the Ce3O5 cluster.  The calculated PIE spectrum is shown as a dotted black line.   

Calculated ZEKE spectra for the underlying ionization transitions are shown below the PIE spectrum in green and red. 

The downward arrow indicates the calculated adiabatic IE, the lowest energy origin transition.  b).  Calculated Ce3O5 

structures (Ce is white and O is red) and ionization processes.  Ionization transitions are shown as coloured arrows 

which correspond to their respective ZEKE spectra.  Ionization processes not considered to contribute to the PIE 

spectrum – due to high ionization energies and weak FC overlap - are shown as dashed grey arrows and dotted grey 

arrows, respectively. 
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Figure S8:  a).  PIE spectrum for the Ce3O6 cluster.  The calculated PIE spectrum is shown as a dotted black line.   The 

calculated ZEKE spectrum for the underlying ionization transition is shown below the PIE spectrum in green.  The 

downward arrow indicates the calculated adiabatic IE, the lowest energy origin transition.  b).  Calculated Ce3O6 

structures (Ce is white and O is red) and ionization processes.  Ionization transitions are shown as coloured arrows 

which correspond to their respective ZEKE spectra.  The 2XIIA+ and 2XIIB+ structures are shown for completeness 

only. 
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Figure S9:  a).  PIE spectrum for the AuCe3 cluster.  Experimentally recorded and calculated PIE spectra are shown as 

solid and dotted black lines, respectively.  Calculated ZEKE spectra for underlying ionization transitions are shown 

below the PIE spectra in green, red, purple, blue and magenta.  The downward arrow indicates the adiabatic IE, the 

lowest energy origin transition.    b).  Calculated AuCe3 structures (Au is yellow and Ce is white) and ionization 

processes.  Ionization transitions are shown as coloured arrows which correspond to their respective ZEKE spectra.   

Ionization processes not considered to contribute to the PIE spectrum – due to energetically unfavourable neutral 

species - are shown as solid grey arrows. 
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Figure S10:  a).  PIE spectrum for the AuCe3O cluster.  Experimentally recorded and calculated PIE spectra are shown 

as solid and dotted black lines, respectively.  Calculated ZEKE spectra for underlying ionization transitions are shown 

below the PIE spectra in green, red, violet, blue and magenta.  The downward arrow indicates the adiabatic IE, the 

lowest energy origin transition.  b).  Calculated AuCe3O structures (Au is yellow, Ce is white and O is red) and 

ionization processes.  Ionization transitions are shown as coloured arrows which correspond to their respective ZEKE 

spectra.  Ionization processes not considered to contribute to the PIE spectrum – due to weak FC overlap - are shown 

as dotted grey arrows. 
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Figure S11:  a).  PIE spectrum for the AuCe3O3 cluster.  Experimentally recorded and calculated PIE spectra are shown 

as solid and dotted black lines, respectively.  Calculated ZEKE spectra for underlying ionization transitions are shown 

below the PIE spectra in green, red, violet, blue and magenta.  The downward arrow indicates the adiabatic IE, the 

lowest energy origin transition.  b).  Calculated AuCe3O3 structures (Au is yellow, Ce is white and O is red) and 

ionization processes.  Ionization transitions are shown as coloured arrows which correspond to their respective ZEKE 

spectra.  Ionization processes not considered to contribute to the PIE spectrum – due to high ionization energies and 

weak FC overlap - are shown as dashed grey arrows and dotted grey arrows, respectively. 
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Figure S12:  a).  PIE spectrum for the AuCe3O4 cluster.  The calculated PIE spectrum is shown as a dotted black line.  

Calculated ZEKE spectra for underlying ionization transitions are shown below the PIE spectra in green and red.  The 

downward arrow indicates the calculated adiabatic IE, the lowest energy origin transition.  b).  Calculated AuCe3O4 

structures (Au is yellow, Ce is white and O is red) and ionization processes.  Ionization transitions are shown as 

coloured arrows which correspond to their respective ZEKE spectra.  Ionization processes not considered to 

contribute to the PIE spectrum – due to high ionization energies - are shown as dashed grey arrows. 
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Figure S13:  a).  PIE spectrum for the AuCe3O5 cluster.  The calculated PIE spectrum is shown as a dotted black line.  

Calculated ZEKE spectra for underlying ionization transitions are shown below the PIE spectra in green, red and 

violet.  The downward arrow indicates the calculated adiabatic IE, the lowest energy origin transition.  b).  Calculated 

AuCe3O5 structures (Au is yellow, Ce is white and O is red) and ionization processes.  Ionization transitions are shown 

as coloured arrows which correspond to their respective ZEKE spectra.  Ionization processes not considered to 

contribute to the PIE spectrum – due to high ionization energies and weak FC overlap - are shown as dashed grey 

arrows and dotted grey arrows, respectively. 
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Figure S14:  a).  PIE spectrum for the AuCe3O6 cluster.  The calculated PIE spectrum is shown as a dotted black line.  

The calculated ZEKE spectrum for the underlying ionization transition is shown below the PIE spectrum in green.  The 

downward arrow indicates the calculated adiabatic IE, the lowest energy origin transition.  b).  Calculated AuCe3O6 

structures (Au is yellow, Ce is white and O is red) and ionization processes.  Ionization transitions are shown as 

coloured arrows which correspond to their respective ZEKE spectra.  Ionization processes not considered to 

contribute to the PIE spectrum – due to weak FC overlap - are shown as dotted grey arrows. 
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Figure S15:  Calculated Au (red), O (green) and CeO2 (blue) bonding energies for neutral Ce3On (dashed line) and 

AuCe3On (solid line) clusters. 
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Figure S16: Calculated Ce3 neutral and cationic structures. Bond lengths are presented in Å. Point groups are shown 

in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S17: Calculated Ce3O neutral and cationic structures. Bond lengths are presented in Å. Point groups are shown 

in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S18: Calculated Ce3O2 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S19: Calculated Ce3O3 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S20: Calculated Ce3O4 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S21: Calculated Ce3O5 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S22: Calculated Ce3O6 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 

 

 

Figure S23: Calculated AuCe3 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S24: Calculated AuCe3O neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S25: Calculated AuCe3O2 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 

 



S26 
 

 

Figure S26: Calculated AuCe3O3 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S27: Calculated AuCe3O4 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 

 



S28 
 

 

Figure S28: Calculated AuCe3O5 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 
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Figure S29: Calculated AuCe3O6 neutral and cationic structures. Bond lengths are presented in Å. Point groups are 

shown in brackets.  Energies are shown relative to the lowest energy neutral structure. 


