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EBG in the UV for several oxides  low efficiency for solar light absorption

Strategies to increase visible light 
absorption:
- introduce dopants or defects
- reduce dimensionality
- ternary or mixed oxides
- coupling with plasmonic nanoparticles

understand and optimize light-induced functionalities

Oxide-based materials for photocatalysis

S. Y. Tee et al. Adv. Sci.4, 1600337 (2017).

M. Han et al. Nano Today 

19, 201 (2018).

Light absorption + conv. into chemical energy

dynamic studies using 
ultrafast techniques

high absorption CS in 
the visible range

stable and abundant materials

catalysis + solar light 
= photocatalysis

trapping, recombination

charge transfer

structural rearrangements

LSPR



K. E. Knowles et al. J. Mater. Chem. C 6, 11853 (2018).

Pump-probe spectroscopies

UV or VIS pump 

TRANSIENT ABSORPTION 
SPECTROSCOPIES



INDIRECT HOT e- INJECTION DIRECT INJECTION

K. Wu et al. Science 349, 632 (2015)

Y. Zhang et al. Chem. Rev. 118, 2927 (2018)

Semiconducting oxides + plasmonic NPs



antioxidant additive 
in biomaterials 

conversion of CO2 into fuels
F. Lin et al, Energy Environ. Sci., 2016,9, 2400 (2016). 

three-way catalytic 
converters 
CO oxidation+ deNOx fuel cell electrodes

H2 purification
Water-gas shift reaction
& CO prox

CeO2 - reducibility

EBG =3.2 – 4.0 eV

Cerium oxide based materials



ultrafast (t<330 fs) formation of small polarons

Epolaron= 0.4 eV transient increase of reducibility

pump 275 nm

excited-state lifetime > 500 ps J. S. Pelli Cresi et al. J. Phys. Chem. Lett. 11, 5686 (2020).

ΔA(t,)= Apump – Ano-pump

Dynamics of excited states in cerium oxide

PA PB

CeO2

P. O’Keeffe, D. Catone

0.4 eV



J. S. Pelli Cresi et al. Nanoscale 11, 10282 (2019). - polyhedral shape

- partial agglomeration - NP diameter  10 nm

VIS pump
LSPR

UV pump
VB  Ce 4f
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Sensitization of CeO2 to visible light  Ag NPs

- multi-twinned structure



J. S. Pelli Cresi et al. Nanoscale 11, 10282 (2019). 

UV pump
275 nm
above BG 

VIS pump 
below BG 
@LSPR

time cuts @ 340 nm 

plasmon-mediated e- injection 
from Ag NP to CeO2

ΔA(t,)= Apump – Ano-pump
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Dynamics of excited states in CeO2 + Ag NPs



high injection efficiency

D. Ratchford et al., Nanoletters
17, 6047 (2017).

 =
𝑘𝐴𝑔@𝐶𝑒𝑂2

𝑘𝐶𝑒𝑂2

A at different pump 
energies and fluences

injection efficiency  number of electrons injected by LSPR 
in CeO2 per absorbed photon 

J. S. Pelli Cresi et al. Nanoscale 11, 10282 (2019). 

𝑛𝑝ℎ =
𝐴 𝑝𝑢𝑚𝑝 ⋅ 𝐹

𝐷 ⋅ 𝐸𝑝𝑢𝑚𝑝

(%
)

Electron injection efficiency in CeO2 + Ag NPs



S. O. Kucheyev et al., Phys. Rev. B 76, 235420 (2007)

Ce N45-edge

Ce3+

Ce4+

Fermi@ELETTRA 
EIS-TIMEX
Pump-probe X-ray Absorption Spectroscopy

Coll. : E. Principi, J. S. Pelli Cresi

CeO2 and Ag@CeO2 films
on parylene-N membranes 
(100 nm)

single shot operation mode
FEL2

pump  410 nm LSPR (<EBG)

FEL probe  Ce N45 edge = 100-135 eV

Combining time resolution and chemical sensitivity



pump  Ag LSPR = 410 nm (<EBG)

Ce4+
 Ce3+

LSPR-mediated 
charge transfer

probe  Ce N45 edge = 100-140 eV (8.8–12.4 nm)

t < 200 fs

J. S. Pelli Cresi et al. Nano Letters 21, 1729 (2021).

BEAR – ELETTRA
Ce N4,5 edge XAS

pump-probe Ce N45 XAS on CeO2 + Ag NPs

increase of TA

decrease of TA



Au and Cu plasmonic NPs 

- Cu: + cheap and abundant

- easily oxidized

+ protective oxide shells 

+ interesting catalytic properties of CuxO

CuxO shells

- Au: + very stable
ultrathin shells discontinuous shells

different oxide/NP architectures

sharp interfaces

Au Cu NPs  LSPR in the visible range

- expensive

oxide shells



Au@CeO2 

pump @ LSPR (650 nm)

Cu@CeO2

pump @ LSPR (650 nm)

LSPR - induced charge transfer 

Au  CeO2 high injection efficiency

Dynamics of excited states in CeO2 + Au and Cu NPs 

See presentation by Eleonora Spurio for more detail



 efficient and persistent LSPR-induced charge transfer from Ag NPs to CeO2

 formation of a small-polaron state after BG excitation of CeO2

Ultrafast methods provide information on charge excitations and charge transfer, 
relevant to understand the functionality of oxide-based materials

Conclusions

 Au NPs in CeO2 are promising in view of investigating ultrashort time scales

 Also Cu NPs in CeO2 maintain LSPR and charge transfer 
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