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Introduction
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Mimicking nature is one of the most succesful strategies in the history of science
and technology.
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The aim of this technology is achieving a device able to efficiently
transform solar radiation into fuels (i.e. H,).

The simplest approach involves the use of semiconductor materials,
which upon illumination carry out the reactions of water oxidation and H,
reduction.
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D.G. Nocera, Acc. Chem. Res., 2012, 45 (5) 767-766
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semiconductor materials

Requirements for
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» Adequate bandgap for optical absorption (optimal 1.9 eV)
= Band edges straddling the H,0/O, y H*/H, potentials.
= Efficient carrier transport within the semiconductor material
= Low charge transfer resistance at the semiconductor/water interface (low
overpotentials) . . T -
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Van de Krol, J. Mater. Chem., 2008, 18, 2311-2320
Michael G. Walter et al., Chem. Rev. 2010, 110, 6446-
6473.
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Photoelectrochemical cell
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How it  works:
(i.e. Pt) that generates the H2 from protons
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wired to a catalitic cathode
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How it works: Anode absorbes light and generates electron and hole. Holes in the VB react at the surface (i.e. with water to produce oxigen) electrons in CB are not able to generete H2 in an efficient way. The anode is wired to a catalitic cathode (i.e. Pt) that generates the H2 from protons libetated at the anode  
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TiO+2 Av — 2e +2p*

]»ﬁ}-—w (excitation of TiO, by light)

2pt+H,O —%0,+2H"

-

(at the TiO, electrode)

The overall reaction is
HO+2 hv — 720, + H,

V(SC E)

A. Fujishima, K. Honda, Nature 1972, 238, 37







Photocatalytic applications
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Hematite: a-Fe,0O,
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PHOTOANODE

Hematite (a-Fe,O;) is a promising material as photoanode of electrochemical
cells for water splitting.
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The curves vs RHE (100 mW-cm illumination) show remarkable overlap,
demonstrating the consistency of hematite electrodes prepared via ALD.
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The obejective Is to obtain efticient electrodes. Two options  available: (1) Increasing contact surface and
light  absorption (nanostructures) to increase current; (i) improve the charge tranfer mechanims using better

feaction - catalyzers S.D. Tilley et al. Angew. Chem. Int. Ed. 2010, 49, 6405 —6408
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The obejective is to obtain efficient electrodes. Two options available: (i) increasing contact surface and light absorption (nanostructures) to increase current; (ii) improve the charge tranfer mechanims using better reaction catalyzers  
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Nanoestructuring
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Orthogonalization between light absorption and carrier diffusion
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Nanoparticules
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K. Sivula et al, ChemSusChem 2011, 4, 432 — 449
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TiSi,/Fe,0; heteroestructures

» 5| — hanostructure
— planar film

20 __ dark

1.5

1.0

jauoueu ‘is11

0.5

Current Density (mA/cm 2) >

0.0 L . | _
08 1.0 1.2 14 1.6 300 400 500 600
Voltage (V vs. RHE) Wavelength (nm)
(e) so o153vivsrip | (d)3OF @1.53V (vs. RHE)
40 40
S 30 g 30
L Ll
5}
g 20 < 20}
10
10F
0 | 1
300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)

Y. Lin et al, J. Am. Chem. Soc. 2011, 133, 2398-2401



U

Effect of catalysts on Fe, O, ™™

UNIVERSITAT
JAUME-I

ro, RN |,
X - ' 10 UM

---------------------------------

14 16 18 20
V vs RHE (V)

— 100nm SCIC

X 43,000 15.0%KV SEI SEM WD 9.7mm

J/ mA cm™

_{’ T T T T T
0.8 1.0 1.2 1.4 1.6 1.8 2.0

Vvs RHE/V




\

Q
3
x
9
2
s
3
C
(O
.
T

UNIVERSITAT
JAUME- 1




\

Titanium dioxide
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TiO, is a well studied material for photocatalytic applications, but its large bandgap
precludes this material for its use as efficient photoanode in water splitting devices.
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P. Rodenas, et al., Adv. Ener. Mat. (2013) 3 (2) 176-182
R. Trevisan et al., J. Phys. Chem. Lett. (2013) 4 (1) 141-146
V. Gonzalez-Pedro et al., J. Phys. Chem. C (2014) 118, 891-895



Confinamiento cuantico
Propiedades de los puntos cuanticos:
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QDs based heterostructures for
unassisted solar H, generation

CdSe (20nm) -CBD

Random electron transport Fastelectron transport

TiO, Nanoparticulate TiO, Nanowire
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TiO, nanoparticulated films
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Photocurrents of 4 mA-cm? and 6 mA-cm-? have been obtained in a three-
electrode configuration for HNWs and NPs, respectively. The contribution
of TiO, to the photocurrent is negligible.
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For an optimized NP photoelectrode, 8 mA-cm- have been obtained in a two-
electrode configuration.
At zero bias, 2 mA-cm-2 have been obtained (unassisted H, generation).
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PbS clearly enhances the light absorption in the IR region, which is reflected into
higher photocurrents under simulated solar illumination and higher IPCE values

in the IR.
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8] Tailored QD-Dye based tandem device for
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A solar cell provides the extra energy needed to complete hydrogen production reaction. Cells are
connected in tandem configuration to minimize area used.
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A solar cell provides the extra energy needed to complete hydrogen production reaction. Cells are connected in tandem configuration to minimize area used.
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