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Oxide-based materials for photocatalysis
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Egs 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
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Pump-probe spectroscopies b
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Cerium oxide based materials

CeO, - reducibility

o,

| dtband AT R\S\

~)

l.:\

€

ﬁudlﬂn band

© o vacancy | /Ff)
\\ ;

2

localizatlon

at two Ce atoms

three-way catalytic

converters
CO oxidation+ deNO,

Recyclable ROS-
scavenging activity

antioxidant additive
in biomaterials

PEM FUEL CELL

Elecirical Current

€ | \ater and
Fuel Heat Out

fi

Ho0

]
G

0

RIRRLS

= <=
Fuel In / : 3, Air In

Anodef | \Cath ode
Elecirolyte

fuel cell electrodes

CH,+H,0 <> C0 +3H,

Fuel
----------------

CO+H;0 ¢ COy+H,

CO+% 0,6 €O,

H, purification
Water-gas shift reaction
& CO prox

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

Epe =3.2 - 4.0 eV



Dynamics of excited states in cerium oxide
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Sensitization of CeO, to visible light > Ag NPs b
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Dynamics of excited states in CeO, + Ag NPs
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Electron injection efficiency in CeO, + Ag NPs -
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Combining time resolution and chemical sensitivity o
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Absorption (arb. units)

pump-probe Ce N, XAS on CeO, + Ag NPs
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Au and Cu plasmonic NPs

Au Cu NPs - LSPR in the visible range

different oxide/NP architectures O O
: 4+ very stable =)

sharp interfaces ultrathin shells discontinuous shells

- expensive

- Cu: + cheap and abundant ‘ ‘
- easily oxidized

+ protective oxide shells oxide shells Cu,O shells

+ interesting catalytic properties of Cu,O NANO
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Dynamics of excited states in CeO, + Au and Cu NPs |

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

— 0902
Au@CeO2
— Cu@Ce0O2

| | I l

300

400 500 600 700

wavelength (nm)

0.4 =

® inj. efficiency
absorbance { _

0.3

0.2

0.1

0.0

} ]

400

500 600 700

wavelength (nm)

0.26
0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10

sJueqglosge

:; /
@

\
Q

Cu@CeO,
pump @ LSPR (650 nm) pump @ LSPR (650 nm)
800 800
750 = : 750
£ 700 700
£.650 £ 650
< 600 < 600
%550 2 550
& 500 T 500
T 450 £ 450
< 400 | 400
o 350- = —— — = — B Y o T B I R = =
0 5 10 15 200 250 300 0 5 10 15 200 250 300

Time (ps)

Time (ps)

LSPR - induced charge transfer

Au > CeO, high injection efficiency

See presentation by Eleonora Spurio for more detail




Conclusions o
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