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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 CesOn and AuCesOn clusters.
Figure S15: Calculated Au, O and CeO:2 bonding energies for CesOn and AuCesOn clusters.

Figures S16-S29: Calculated neutral and cationic CesOn and AuCesOn geometries showing bond lengths
and structure point groups.
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Figure S1: Typical mass spectrum of AuCen,O," clusters recorded following photoionization at 213 nm (5.82 eV). The
AuCe;,0, and Ce,0, 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 Ce,0, ion
peaks are labelled with ladders.
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Figure S3: a). PIE spectrum for the Ces 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 Ces structures and ionization processes. lonization transitions are shown as
coloured arrows which correspond to their respective ZEKE spectra. lonization 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 CesO 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 CesO structures (Ce is white and O is red) and ionization processes. lonization transitions
are shown as coloured arrows which correspond to their respective ZEKE spectra. lonization 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 Ces02 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 CesOs structures (Ce is white and O is red) and ionization processes.
lonization transitions are shown as coloured arrows which correspond to their respective ZEKE spectra. lonization
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 CesOa 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 CesOa structures (Ce is white and O is red) and
ionization processes. lonization transitions are shown as coloured arrows which correspond to their respective ZEKE
spectra. lonization 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 CesOs 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 CesOs
structures (Ce is white and O is red) and ionization processes. lonization transitions are shown as coloured arrows
which correspond to their respective ZEKE spectra. lonization 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 CesOs 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 CesOs
structures (Ce is white and O is red) and ionization processes. lonization 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 AuCes 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 AuCes structures (Au is yellow and Ce is white) and ionization

processes. lonization transitions are shown as coloured arrows which correspond to their respective ZEKE spectra.
lonization 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 AuCesO 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 AuCesO structures (Au is yellow, Ce is white and O is red) and
ionization processes. lonization transitions are shown as coloured arrows which correspond to their respective ZEKE

spectra. lonization 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 AuCesOs 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 AuCesOs structures (Au is yellow, Ce is white and O is red) and
ionization processes. lonization transitions are shown as coloured arrows which correspond to their respective ZEKE
spectra. lonization 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 $12: a). PIE spectrum for the AuCesOa 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 AuCes0a
structures (Au is yellow, Ce is white and O is red) and ionization processes. lonization transitions are shown as
coloured arrows which correspond to their respective ZEKE spectra. lonization 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 AuCesOs 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
AuCes0s structures (Au is yellow, Ce is white and O is red) and ionization processes. lonization transitions are shown
as coloured arrows which correspond to their respective ZEKE spectra. lonization 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 $14: a). PIE spectrum for the AuCesOs 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 AuCesOs
structures (Au is yellow, Ce is white and O is red) and ionization processes. lonization transitions are shown as
coloured arrows which correspond to their respective ZEKE spectra. lonization 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 CeO; (blue) bonding energies for neutral Ce;O, (dashed line) and
AuCes0,, (solid line) clusters.
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Figure S16: Calculated Ces neutral and cationic structures. Bond lengths are presented in A. Point groups are shown
in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure $S17: Calculated CesO neutral and cationic structures. Bond lengths are presented in A. Point groups are shown
in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure S18: Calculated Ce302 neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure $19: Calculated Ce30s neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.

S20



2.106 ‘ \ Vv 2.099 2115, % 2.126

*XA (Cy) XA (Cy) XA (Cy)
+0.021 eV +0.043 eV

2.11 2.119 3253

°XB (C;)
+0.237 eV

2.104 2.105

2XA* (Cy) “XB* (C,)
+3.899 eV +3.900 eV +4.511 eV

2XB* (C)) 5XB* (Cy) SXA* (C;)
+4.512 eV +7.956 eV +8.192 eV

Figure S20: Calculated Ce30a4neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure S21: Calculated CesOs neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure S22: Calculated CesOs neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure $23: Calculated AuCes neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure S24: Calculated AuCesO neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure $25: Calculated AuCesO: neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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Figure S26: Calculated AuCesOs neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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2.228 2.227

2XXI11 (C,) X1 (C,)
0.000 eV +0.003 eV

AuCe;0,*

2.355 2.228 2.280

2.097

I 2.095

2.140
2.227 2.261
XXII* (C,) SXXII* (C,)
+6.369 eV +7.103 eV

2.307

2.189

’ 2.731

IXXII* (C,)
+8.586 eV

Figure S27: Calculated AuCesOaneutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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22821 581
3321 3318
2.071 | 2.070 2114
2.114 2.113
aXXINIA (C,) 2XX1IA (C,)
0.000 eV +5.2x10% eV

2.307
Tt 2.222

- 2.298
2.235

4XXIIB (C,) 2XXIIIB (C,)
+0.264 eV +0.268 eV

SXXIIA* (Cy) IXXIIA* (Cy)
+5.709 eV +5.710 eV
1.904;
2.301
"""""" 2.234
3.3893.025 7 i G- 2.234
2.301

2.416 2.416
XXINB* (C,) SXXINA* (C,) AXXIIB* (C,)
+6.615 eV +6.940 eV +8.196 eV

Figure S28: Calculated AuCesOs neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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2XXIV (C,)
0.000 eV

2.255
IXXIV* (C,) SXXIV* (C;)
+6.845 eV +7.809 eV

Figure $29: Calculated AuCesOs neutral and cationic structures. Bond lengths are presented in A. Point groups are
shown in brackets. Energies are shown relative to the lowest energy neutral structure.
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