Photovoltaics is a well-established and well known technology for solar energy conversion into electric

energy which has made it into operation and into a huge energy market.

Related to this technology is the conversion of solar energy into solar fuels, the simplest of which
would be hydrogen, which is formed when water is split into its components oxygen and hydrogen.
Solar water splitting with hydrogen and oxygen gas formation can be achieved in controlled form in so
called photo-electrochemical cells (PEC). The operation principle is based on semiconductor photo-
electrochemistry, where a semiconducting material that is hit by visible light - practically of course
from the sun - will generate pairs of electrons and electron holes which will reduce water at a photo-

cathode and oxidize water at a photo anode, both of which are immersed in an aqueous electrolyte.

For the economic viability of this concept it is necessary to have functional and affordable materials
and processes. I work on simple semiconductor metal oxides such as iron oxide and tungsten oxide.
They are not necessarily the best alternatives for PEC applications in terms of functionality and effi-
ciency, but they are definitely more affordable than the best alternatives. We are therefore researching

in order to enhance the efficiency of the affordable materials.

Relevant links:

DoE PEC Working Group

Swiss Hydrogen Research Programme

International Energy Agency Hydrogen Implementation Agreement Annex 26

If you are interested in PEC and standard measurements:

Get this Review which was published in the Journal of Materials Research Focus Issue on Photocatalysis

for Energy and Environmental Sustainability (edited by A. Braun et al.):

Accelerating_materials development for photoelectrochemical hydrogen production: Standards for

methods, definitions, and reporting protocols, J. Mater. Res., Vol. 25, No. 1, Jan 2010, 3-16.

1
Copyright 2012 by Artur Braun, artur.braun (at) alumni.ethz.ch



My recent publications on solar energy research:

22 A Braun, F. Aksoy Akgul, Q. Chen, S. Erat, T.-W. Huang, N. Jabeen, Z. Liu, B. S. Mun, S. S. Mao, X.
Zhang, Observation of substrate orientation dependent oxygen defect filling in thin WO3-§/TiO2 pul-
sed laser deposited films with in-situ XPS at high oxygen pressure and temperature, Chem. Mater., in
press, http://pubs.acs.org/doi/abs/10.1021/cm301829y

21 A. Thankappana, M. Hari, S. Mathew, S. Ani Joseph, R. Erni, D.K. Bora, A. Braun, V.P.N. Nam-
poori, Synthesis of monocrystalline zinc oxide microrods by wet chemical method for light confine-
ment applications, Physica E: Low-dimensional Systems and Nanostructures, in press
http://dx.doi.org/10.1016/j.physe.2012.06.026

20 A. Braun, K. Sivula, D. K. Bora, J. Zhu, L. Zhang, M. Gratzel, J. Guo, E. C. Constable, Direct obser-
vation of two electron holes in hematite during photo-electrochemical water splitting, in press at J.
Phys. Chem. C, in press http://dx.doi.org/10.1021/jp304254k

19 A. Braun, D.K. Bora, Wasserstoff aus Photosynthese, NanoEnergie 2012, 7, p. 9, CENIDE

Newsletter, Duisburg/Germany; invited popular article

www.uni-due.de/imperia/md/content/cenide/nanoenergie 07 2012 web.pdf

18 A. Braun, Solarer Wasserstoff und kiinstliche Photosynthese, Swiss Engineering STZ Ausgabe
Nr. 5, 2012, 20-21. http://www.swissengineering-stz.ch/pdf/stz0520125244.pdf

17 A. Braun, Zwischen Photovoltaik und Photosynthese - Solarer Wasserstoff aus Rost und Algen,
HZwei - Das Magazin fir Wasserstoff und Brennstoffzellen, invited popular article; 04 (2012) 20-21
(http://www.hzwei.info/aktuelles_heft.phtml )

16 R. Toth, J. Heier, J.-N. Tisserant, E.A. Enyedy, A. Braun, T. Graule, Self-organized microdots
formed by  dewetting in highly  volatile liquid,  J. Colloid Interf. Sci.,
http://www.sciencedirect.com/science/article/pii/S0021979712003931

15 A. Braun, Q. Chen, D. Flak, G. Fortunato, K. Gajda-Schrantz, M. Grétzel, T. Graule, J. Guo, T.-W.
Huang, Z. Liu, A. Popelo, K. Sivula, H. Wadati, P. P. Wyss, L. Zhang, J. Zhu; Iron resonant photoemission
spectroscopy on anodized hematite points to electron hole doping during anodization, invited, Chem-

PhysChem, manuscript in press ID cphc.201200074
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291439-7641/earlyview

14 D.K. Bora, A. Braun, S. Erat, O. Safonova, T. Graule, E. C. Constable, Evolution of structural prop-

erties of iron oxide nanoparticles during temperature treatment from 250°C — 900°C: X-ray diffraction

2
Copyright 2012 by Artur Braun, artur.braun (at) alumni.ethz.ch



and Fe K-shell pre-edge x-ray absorption study, Current Applied Physics 2012, 12(3), 817-825.
http://www.sciencedirect.com/science/article/pii/S1567173911005864

13 Y. Chang, A. Braun, A. Deangelis, J. Kaneshiro, N. Gaillard, Effect of thermal treatment on the
crystallographic, surface energetics and photoelectrochemical properties of reactively co-sputtered
copper tungstate (CuWO4) for water splitting, J. Phys. Chem. C, 2011, 115 (51), pp 25490-25495
http://pubs.acs.org/doi/citedby/10.1021/jp207341v

12 D.K. Bora, A.A. Rozhkova, K. Schrantz, P.P. Wyss, A. Braun, T. Graule, E.C. Constable, Functionali-
zation of Nanostructured Hematite Thin-Film Electrodes with the Light-Harvesting Membrane Protein

C-Phycocyanin Yields an Enhanced Photocurrent, Advanced Functional Materials 2012, 22 (3) 490-502,
http://onlinelibrary.wiley.com/doi/10.1002/adfm.201101830/abstract

11 A. Braun, S. Erat, X. Zhang, Q. Chen, F. Aksoy, R. Lohnert, Z. Liu, S.S. Mao, T. Graule, Surface and
bulk oxygen vacancy defect states near the Fermi level in 100 nm WO3-6/TiO2 (110) films: A resonant
valence band photoemission spectroscopy study, J. Phys. Chem. C, 2011, 115 (33), 16411-16417
http://pubs.acs.org/doi/abs/10.1021/jp202375h

10 D.K. Bora, A. Braun, S. Erat, R. Lohnert, AK. Ariffin, R. Manzke, K. Sivula, T. Graule, M. Gratzel, E.
Constable, Evolution of an oxygen NEXAFS transition in the upper Hubbard band in a-Fe203 upon
electrochemical oxidation, J. Phys. Chem. C 2011, 115 (13), 5619-5625,
http://pubs.acs.org/doi/abs/10.1021/jp108230r http://arxiv.org/abs/1106.1089

9 R. Toth, M. Schabikowski, J. Heier, A. Braun, D. Kata, T. Graule, The effect of solvent and electric
field on the size distribution of iron-oxide microdots: Exploitation of self-assembly strategies for pho-
toelectrodes, J. Mater. Res. 2011, 26(2), 254-261.

http://www.mrs.org/s_mrs/sec_subscribe.asp?CID=25905&DID=307593

8 J.-C. Tinguely, R. Solarska, A. Braun, T. Graule, Low-temperature roll-to-roll coating procedure
of dye-sensitized solar cell photoelectrodes on flexible polymer-based substrates, Semicond. Sci. Tech-
nol. 26 (2011) 045007

http://iopscience.iop.org/0268-1242/26/4/045007/ doi: 10.1088/0268-1242/26/4/045007

7 D. Bora, A. Braun, R. Erni, G. Fortunato, T. Graule, E. Constable, Hydrothermal treatment of a

hematite film leads to highly oriented faceted nanostructures with enhanced photo currents,

Chem. Mater. 2011, 23, 2051-2061 http://pubs.acs.org/doi/abs/10.1021/cm102826n

3
Copyright 2012 by Artur Braun, artur.braun (at) alumni.ethz.ch



6 S. Kanel; R. Schoenlein; J. Corlett; E. Arenholz; P. Fischer; D. Prendergast; Y. Idzerda; A.
MacDowell; H. Bluhm; J. Guo; A.Braun; C.Heske; M. Kunz; N. Tamura, ALS Users Meeting and Work-
shops, Synchrotron Radiation News 2010, 23 (1) 2-14.

http://www.informaworld.com/smpp/content~db=all~content=a919148861

5 Braun A., Augustynski J., Chandler E.A, Mao S.S., Miller E.L., Turner J.A,, Ye J.H., Photocatalysis
for energy and environmental sustainability, Introduction, J. Mater. Res. 25 (1), 1-2, 2010.
http://72.22.18.215/s_mrs/bin.asp?CID=17951&DID=290987&DOC=FILE.PDF

4 R. Solarska, A. Heel, J. Ropka, A. Braun, L. Holzer, J. Ye, T. Graule. Enhancement of Photocatalyt-
ic Performance of Calcium Bismuth Mixed Oxide by One-Step Flame Spray Synthesis. Applied Catalysis
A 2010, 382(2) 190-196. http://dx.doi.org/10.1016/j.apcata.2010.04.043

3 A. Braun, K.K. Akurati, G. Fortunato, F.A. Reifler, A. Ritter, A.S. Harvey, A. Vital, T. Graule, Nitro-
gen doping of TiO2 photocatalyst forms a second eg state in the Oxygen (1s) NEXAFS pre-edge, J.
Phys. Chem. C, 2010, 114 (1), 516-519 http://pubs.acs.org/doi/pdf/10.1021/jp908875t
http://arxiv.org/abs/1106.1026

2 R. Solarska, B.D. Alexander, A. Braun, R. Jurczakowski, G. Fortunato, M. Stiefel, T. Graule, J. Au-
gustynski, Tailoring the morphology of WO3 films with substitutional cation doping: Effect on the pho-
toelectrochemical properties Electrochimica Acta 2010, 55 (26), 7780-7787
http://dx.doi.org/10.1016/j.electacta.2009.12.016

1 H. Metin, M. Ari, S. Durmus, M. Bozoklu, S. Erat, A. Braun. The structural, optical, and electrical
properties of CdS films: the effect of annealing in nitrogen atmosphere. J. Mater. Res. 2010, 25(1), 189-
196. http://www.mrs.org/s_mrs/sec_subscribe.asp?CID=17951&DID=290960&action=detail

4
Copyright 2012 by Artur Braun, artur.braun (at) alumni.ethz.ch



