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The aim is to develop new electrode materials and schemes for
photocatalytic water splitting for hydrogen production.

Sunlight photons have enough energy to split water to hydrogen
and oxygen. The efficiency of energy transfer can be orders of
magnitudes higher than the natural photosynthesis.

Nanoscience and Nanotechnology will give key contributions to the
future energy systems and solutions of many of the associated
environmental Issues.



”_ “The aim is to develop new electrode materials
( | and schemes for photocatalytic water splitting
' HYDROGEN for hydrogen production.”

External circuit
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*Fujishima and Honda [Nature 238 (1972) 37].

* Production of H, and O, from water with a
photoelectrochemical cell consisting of a Pt and
TiO, electrodes under a small electric bias.
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SOLAR “The project focuses on the materials- and
- nanotechnology related issues in the development
HYDROGEN of PEC devices for hydrogen production from water.”




"SOLAR “The project focuses on the materials- and
- nanotechnology related issues in the development
HYDROGEN of PEC devices for hydrogen production from water.”




eHans Fredriksson, AP, CTH, Sweden, Thesis title: Nanostructures of

Graphite and amorphous carbon; fabrication and properties, defended on
September 41" 2009.

*Peter Vesborg, CINF, DTU, Denmark, Thesis title: Photocatalysis in u-
reactors and related activities, Defended on March 11, 2010.

*Raja Sellapan, AP, CTH, Sweden, Lic Thesis title: Fabrication and
characterization of composite TiO2/Carbon nanofilms with enhanced
photocatalytic activity.”, defended on April 29, 2011.

*Vishnu Vishukathan, DF, UIO, Norway, Thesis title: ¢“ZnO and ZnCdO
metal organic chemical vapor deposition: epitaxy, defects, and band gap
engineering, defended on June 16, 2011.




Patent application by DTU team submitted to EPO (2010) “Materials for photoelectrocatalytic hydrogen production”.

Patent application by CTH team under preparation “Composite semiconductor-carbon films with enhanced optical absorption”.




"SOLAR L
CH VDROGEN Results- Conferences, invited talks,

workshops

‘Solar Hydrogen‘ PROJECT MEETINGS:

15t meeting, December 12, 2008, Gothenburg, Sweden
2"d meeting, February 27, 2009, Oslo, Norway

39 meeting, December 1, 2009, Lyngby, Denmark

4 meeting, June 2, 2010, Gothenburg, Sweden

* Workshop

Project meeting Solar Hydrogen, Copenhagen,

1t December, 2009, CPH, Denmark (oral presentations
from ALL participating researchers + invited)

* Workshop

Project meeting Solar Hydrogen, Goteborg, 2" June,
2010, Goteborg, Sweden (oral presentations from ALL
participating researchers + invited)

* Concluding meeting — plan before yearend 2011.



SOLAR
HYDROGEN Dissemination+

About 40 (25+15) publications and invited talks!



"SOLAR
HYDROGEN

Milestones: what is achieved

-The newl personnel have been trained and

are able to use the relevant techniques

(nanofabrication, photoelectrochemical characterization, DFT calculations).

-The model systems have been closely defined and
fabrication schemes established.

-The optical properties of these model systems have
been investigated.

-Specific systems constructed, tested and results have
been published and patent applications submitted.

-Active dissemination of results and activity,
-new partners and collaborations,
-ideas for extension towards EU financed activity.



°*SOLAR What is going on!
HYDROGEN

-More Dissertations....

-The model systems have been evaluated.

We expect additional important results from the photoluminescence and
electrochemical tests of our systems.

-Progress with investigation of the photocatalytic and corrosion properties of the
-model systems

Prototype devices constructed.

-The improved DFT methodology has just recently been
developed and several calculations on the materials of interest are now going on.

-We expect, based on the obtained resuults more publications

-and patent(s).

-We have created strong and successful team/network (!!!)
-We have ideas and direction, want to explore MORE!
-Industry!



SOLAR “The project will contribute to the fundamental
understanding of the energy and charge transfer

HYDROGEN processes associated with the interaction of light
with functional materials.”

RESULTS: at DTU:
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Fig. 1. Schematic of the tandem "chemical solar cell’. To the left, the entire system is shown where pillars are embedded in
a proton conducting membrane. The solar light is incident from above and the blue part of the spectrum is absorbed by

the anode used for oxidizing water into molecular oxygen and protons.

The protons migrate through the membrane and are reduced at the cathode side by Mo;S, clusters adsorbed on the

Si pillars which are excited by the red part of the spectrum. As indicated in the right part of the figure, here we only deal
with hydrogen evolution on the Si pillars modified with the adsorbed Mo;S, clusters and excited by the red part of the

solar spectrum.
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HYDROGEN

RESULTS: at UiO

Graded bandgap multilayers Graded bandgap nanowires

Zn0
Zn,Cd,0 x: min

C-AL,0,

Bandgap engineered samples prepared at MINA lab, Oslo.



SOLAR
HYDROGEN

Development of Theoretical Tools for Studies
of Electronic Excitations and Trapped Holes

Peter Kliipfel, Simon Klipfel, Hannes Jonsson

Univ. of Iceland
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Oxygen-Vacancy State in TiO»

O-Vacancy

Vacancy states (within the band-gap) can be
created by removing an Oxygen atom from the
ideal periodic structure of TiO2

experimentally identified: 0.8eV below conduction band

RESULTS: at Ul

Characterization of the
electronic defect states
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"SOLAR
YDROGEN RESULTS:

at Chalmers
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Optical absorption of TiO,/C composite films of different thicknesses compared to 35nm single TiO, films and their catalytic performance.

This system is prepared at Chalmers U. to study the charge transport at the semiconductor interface.



QS OLAR RESULTS AND COOPERATION
HYDROGEN

Summary:

The project concluding according to its program. It is a
very successful project.

The project benefits from:

(i) accumulated experience and track record of the
participants and existing good infrastructure,

(ii) Its generic character,

(iii) collaboration with EU and national projects with
similar activities.
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- Increased overall optical
absorption and red shift of
the absorption edge.

- Favorable morphological
changes at the interface.

- Enhanced photocatalytic
activity.

- The stronger non-
radiative recombination is
mainly to charge carrier
leakage (transfer) at the
film/particle interface.



