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1. Scientific results 2016 

The programme is now for most projects in its third year and all personnel has been hired. The research in 
general is progressing steadily, most of the experiments and computational efforts are producing their results. 
There is a delay in one of the projects due to problems with a laser system and delayed building of a lab, but 
the fall-back has been executed successfully. Key results have been produced and it is expected that in the 
next one to two years this will further continue. None of the hired PhD students have graduated yet, no report 
on significant delays are reported. 
Two tenure track positions at DIFFER are part of the FOM programme 147. Both tenure trackers have esta-
blished their (temporary) experimental infrastructure at the new building of DIFFER and recently their fully 
equipped stat-of-the-art labs have been finalized. The PhD students and postdoc are on schedule and results 
are being obtained. In the group of Bieberle hematite films are being synthesized and thoroughly characterized 
with the emphasis on morphological and structural properties. Films were further characterized using imped-
ance spectroscopy which in combination with the modelling and simulation studies as an input to the state 
space modelling approach to simulate photo-electrochemical data. A review paper and first papers have 
appeared on the experimental results. In the group of Tsampas results on a novel designed PEC cell has been 
published. The core of the cell is a membrane electrode assembly, utilizing a polymeric proton conductor, which 
serves both as a compact reactor for water splitting and as gas separator.  
In the Leiden collaborative project Towards efficient low-temperature CO2 electrolysis, a combination of an 
experimental (electrochemical) and computational approach of molecular and heterogeneous reduction of CO2, 
progress was made towards the understanding of the reduction of CO2 on using NiII(cyclam) complexes 
attached to the graphitic electrode, and Cobalt and Iron porphyrins. The latter has an unexpected high reduc-
tion rate of CO2. A paper on Cobalt porphyrin has been published. Unfortunately, after doing several electro-
chemical experiments with these modified electrodes, it was found that the results were not reproducible. Since 
then, much time has been spent optimizing the used procedures and analyzing the surface resulting from the 
diazonium salt modification of the electrodes. One of the main methods of quickly probing the electrode surface 
is by testing the modified electrode surface in a K3Fe(CN)6 solution. Blockage of the electrode surface by the 
covalently attached ligands, results in a lower response to the FeII/III couple. In this case, the response to the 
FeII/III couple was enhanced, because of the protonation of the macrocyclic ligands. This behavior is shown in 
Figure 1. It can also clearly be seen that the different electrodes that were made, all show different potentials 
for the FeII/III couple. 
Meanwhile, the modification procedure has been modified such that it produces predictable and reproducible 

results. This was done by switching the electrolyte from 0.1 M 
HBF4 to 0.1 M HClO4 to exclude the presence of fluorides that 
can react with the diazonium salts. The electrode material 
was changed from pyrolytic graphite to glassy carbon, 
resulting in a much more stable baseline. Lastly, it was found 
that the diazonium solution is only stable for a short amount 
of time. It cannot be re-used for multiple modifications, which 
would result in the observed irreproducible behavior. With 
this new procedure, we are now producing reproducible elec-
trochemical results. In the computational part of this project 
We developed a methodology that allows to easily predict, 
using density functional theory calculations, the concerted or 
sequential transfer of proton-electron pairs during electrocat-
alytic reactions. As a practical example, we investigated the 
formation of an important intermediate during the reduction 
of CO2, the carboxylate intermediate (*-COOH). For a cobalt 
metalloporphyrin catalyst, we manage to provide, based on 
the pKa of the neutral and anionic *-COOH intermediates, a 
detailed picture of the formation of *-COOH over a large pH 
range. 
The collaborative UT project Photocatalytic silicon microwire 
membranes efficient tools for water splitting devices, large 

Figure 1 - Electrochemical response of the 
FeII/FeIII

  couple of K3Fe(CN)6 on blank (red) 
and modified (blue) electrodes 
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progress was booked involving silicon micropillars with radial junctions, and several papers have been published 
or are being written. The photovoltaic properties of Si micropillars with radial junctions have been optimized, 
especially by adjusting the junction depth, Si micropillar length, and passivation and anti-reflection coatings 
over the micropillars. Further optimization is done on the pitch between the micropillars. To understand the 
next bottleneck of the micropillars as a photovoltaic cell, we are performing numerical simulations, both on how 
the light is absorbed in the Si micropillar and on the generation rate of electrons within the micropillar. 
DIFFER, TU/e and FELIX groups work together in the project Plasma chemistry at work: efficient plasma-
assisted fuel conversion through control of vibrational excitation. Progress has been made on the measurement 
of the rotational temperature using Rotational Raman scattering. This confirmed earlier Rayleigh scattering 
results of temperatures in excess of 3000K. A pulsed plasma was shown to have significantly better perfor-
mance than a CW plasma under the same conditions. Time-resolved measurements have shown insights in the 
temperature evolution during a pulse. In the hot plasma, odd-rotational peaks were observed that are not nor-
mally present at room-temperature. A model was developed to quantitatively predict the ratio of even and odd 
rotational levels. This ratio was shown to be dictated by the bending and asymmetric stretch vibrational tem-
peratures of the molecule. For the first time, in-situ FTIR was employed on a microwave plasma in order to 
directly measure the vibrational level densities. It was found that when placing an emitting medium in the FTIR, 
not only absorption but also emission is resolved by the interferometer. This insight is key in recording reliable 
absorption spectra of the plasma. 
In the collaboration between Leiden, DIFFER and Twente university in the projects Direct production of fuels 
from captured CO2 and Surface reactivity of activated CO2, In spite of the complication, that the delivery of a 
finished laboratory in the new DIFFER building is delayed to Q1 2017 research efforts at DIFFER associated with 
this project proceeds at temporary locations elsewhere in the building. 
 

 
Figure 2: Picture and schematic cross-sectional representations of one of the experimental setup used for ther-

mal decomposition of samples under plasma exposure at DIFFER. 
 
Beneficial effects of plasma on carbonated decomposition, first mentioned in the 2015 report, have been con-
firmed. Exploration of the parameter space of this effect (e.g. influence of input power, annealing temperature, 
and gas pressure) are being undertaken. Experimental capabilities have been expanded over the course of 
2016 to include access to X-ray diffraction (XRD) and diffuse reflectance infra-red Fourier transform spectro-
scopy (DRIFTS). These have provided direct evidence of differences in the material structure CaCO3 that has 
been decomposed under plasma exposure as compared to the equivalent non-plasma decompositions. This 
observation is a qualitative confirmation of a key hypothesis of the original proposal, namely that plasma expo-
sure can act as a material-processing agent during the calcination of the carbonate. The results also suggest 
that the post-decomposition material evolves differently during subsequent chemical processing depending on 
whether or not plasma exposure was included as part of the decomposition process. This is potentially a very 
promising result, since it indicates that plasma processing can influence the subsequent reactivity. Current 
efforts are focused on understanding the nature of the observed differences and determination of whether they 
represent a beneficial effect. In parallel, CaCO3 decomposition at atmospheric pressure under DBD plasma 
exposure has been studied in Twente. Preliminary results show that the presence of H2O plasma increases the 
rate of the decomposition, but also prevents the formation of CO. In order to get a better understanding on the 
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impact of H2O, the effect of low steam concentrations in thermal decomposition has been extensively studied. 
The project in Leiden on the surface interaction of vibrationally excited CO2 with surface has been severely 
delayed due to the unability of the laser company to deliver the laser. The fall-back plan has been installed and 
results on scattering from well defined crystalline surface has been put in place, safeguarding the PhD project. 
Once the laser is delivered the project can be finalized, this is expected to happen before Q3. 
The UU-TU/e collaboration Computer-aided design of iron-sulfide nanocatalysts for the solar-driver conversion 
of CO2 to fuels the emphasis was on band gap engineering of pyrite via substitutional doping in the bulk and 
surfaces has been achieved. In the second year (November 2015 until December 2016), the effect of dopants in 
pyrite on the bandgap of the material was investigated and surface structures and stabilities of pyrite and mar-
casite FeS2 minerals were studied linking to experimental work of the Hoffman group. In the latter group major 
steps towards phase pure synthesis of pyrite (FeS2, cubic, Pa-3) films have been made by Chemical Vapor 
Deposition. For this purpose, a home-built CVD/PVD system has been designed and commissioned, which 
allows temperature and gas composition control. Dr. Guangxian Pei started her position in February 2017. She 
will focus in the coming two years on (in-situ) transient absorption spectroscopy to study charge carrier 
dynamics in inorganic semiconductor photoelectrodes under water splitting and CO2 reduction conditions. This 
main technique will be extended by advanced synchrotron-based X-ray spectroscopy and imaging experiments. 
The TUD collaboration Earth abundant materials based monolithic photovoltauc-photoelectrochemical device 
toward 15% solar-to-hydrogen conversion efficiencies and Regarding the production of solar fuels using earth-
abundant materials, two main approaches have been taken. First, an amorphous silicon carbide (a-SiC:H) pho-
tocathode has been developed. Previous works used a p/i a-SiC:H structure combined with a TiO2 protective 
layer and a Pt catalyst. The structure has been improved by introducing an n-type nc-SiOx layer in between the 
i- aSiC:H layer and the TiO2 protective layer. This improves the back surface field and reduces recombination on 
that surface, allowing onset potentials higher than 0.8 V vs RHE while maintaining a current density at 0 V vs 
RHE of 10 mA/cm2.  
Current work is focusing on combining this photocathode with a solar cell to create a bias-free device. The other 
approach that has been explored is the design of a triple junction solar cell that can provide between 1.6- 2 V 
to drive the solar water splitting reaction. For this purpose, a heterostructure consisting of an amorphous silicon 
(a-Si:H) top cell, a nanocrystalline silicon middle cell (nc-Si:H) and a silicon heterojunction bottom cell (SHJ) 
was developed. In particular, this work has been focusing on optimizing the tunnel recombination junctions 
between cells to minimize undesired voltage and fill factor losses in these junctions. So far, the best cell 
reached a FF of 66.1 %, an open-circuit voltage of 1.62 V and a current density of 7.2 mA/cm2, using a highly 
doped n-layer in the middle cell, which is in contact with the bottom cell, and the inclusion of a n-type nc-SiOx 
layer in between the top and bottom cell. 
 
2. Added value of the programme 

This programme was the result of an open call for projects with the requirement that at least two different 
groups would collaborate with different background/discipline. All group and projectleaders indicate an added 
value in the collaboration, e.g. Gleeson, Juurlink and Lefferts mention: contact between the two research 
groups has expanded over the course of 2016, primarily via the two young researchers. Towards the end of 
2016 the possibilities for undertaking joint research activities were discussed, which has led to the first such 
joint measurements being undertaken at DIFFER in January 2017. They consisted of the use of the DRIFTS cell 
to detect the reactive intermediates during CaCO3 decomposition at high temperatures. The annual meeting 
recently organized by DIFFER, in which the CO2 neutral fuels programme was presented was attended by a 
community of 120 people, the maximum the room could handle. 
 
3. Personnel 

All personnel has been hired. 
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4. Publications 

13CO-TT 
a. Scientific (refereed) publications 
- F.M. Sapountzi, M.N. Tsampas, H.O.A. Fredriksson, J.M. Gracia, J.W. Niemantsverdriet, Hydrogen from 

electrochemical reforming of C1-C3 alcohols using proton conducting membranes, Int. J. Hydrogen Energy, 
in press (2016)  

- T. Stoll, G. Zafeiropoulos, M.N. Tsampas ,'Solar fuel production in a novel polymeric electrolyte membrane 
photoelectrochemical (PEM-PEC) cell with a web of titania nanotube arrays as photoanode and gaseous 
reactants' , International Journal of Hydrogen Energy, 41, 17807-17817, 2016. 

- A. Bieberle-Hütter, I. Tanyeli, R. Lavrijsen, M.C.M. van de Sanden, 'Nanostructuring of Thin Films by High 
Ion Flux He Plasma', submitted to Thin Solid Films (2016). 

- X.Q. Zhang, C. Cao, A. Bieberle-Hütter, 'Orientation Sensitivity of Oxygen Evolution Reaction on Hematite', 
J. Phys. Chem. C 120 (2016) 28694−28700. 

- X.Q. Zhang, P. Klaver, R. van Santen, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Oxygen Evolution at 
Hematite Surfaces: The Impact of Structure and Oxygen Vacancies on Lowering the Overpotential', J. Phys. 
Chem. C 120 (2016) 18201−18208. 

- X.Q. Zhang, A. Bieberle-Hütter, 'Modeling and Simulations in Photoelectrochemical Water Oxidation: From 
Single Level to Multiscale Modeling', ChemSusChem 9 (2016) 1223-1242. 

 
b. Presentations at (inter)national scientific conferences 
- T.Stoll, G. Zafeiropoulos, M.N. Tsampas, Towards visible light activated porous photoanodes in conjunction 

with polymeric electrolyte photoelectrochemical cell with gaseous reactants,CHAINS, 6-8 Dec 2016 (poster). 
- G. Zafeiropoulos, T.Stoll, M.N. Tsampas, , Polymeric electrolyte membrane photoelectrochemical (PEM-PEC) 

cell with a web of TiO2 nanotube arrays as photoanode and gaseous reactants ,CHAINS, Veldhoven, 6-8 Dec 
2016 (poster). 

- M.N. Tsampas, T.Stoll, G. Zafeiropoulos, Novel photoelectrochemical (PEC) cells based on polymeric 
membrane electrolytes (PEM), 11th ESPC, Thessaloniki (Greece), 3-7 Oct 2016 (oral). 

- T.Stoll, G. Zafeiropoulos, M.N. Tsampas, Towards visible light activated porous photoanodes in conjunction 
with polymeric electrolyte photoelectrochemical cell with gaseous reactant, 67th annual meeting of ISE, De 
Haag, 21-26 Aug 2016 (poster). 

- G. Zafeiropoulos, T.Stoll, M.N. Tsampas, Towards visible light activated porous photoanodes in conjunction 
with polymeric electrolyte photoelectrochemical cell with gaseous reactant , 67th annual meeting of ISE, De 
Haag, 21-26 Aug 2016 (poster). 

- T.Stoll, G. Zafeiropoulos, M.N. Tsampas, Polymeric electrolyte membrane photoelectrochemical (PEM-PEC) 
cell with a web of TiO2 nanotube arrays as photoanode and gaseous reactants, FOM Veldhoven, 19-20 Jan 
2016 (poster). 

- R. Sinha, İ. Tanyeli, R. Lavrijsen, M.C.M. van de Sanden, A. Bieberle-Hütter, 'The Electrochemistry of High 
Ion Flux Helium Plasma-exposed Iron Oxide Films ', CHAINS 2016, Veldhoven, Dec. 2016 (poster and pitch).  

- X.Q. Zhang, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Water Oxidation at Hematite Surfaces: A 
Theoretical Study', CHAINS 2016, Veldhoven, Dec. 2016 (poster and pitch).  

- Y. Zhao, R. Sinha, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Structural and Photo-electrochemical 
Properties of WO3 Thin Films Fabricated in Diverse Partial Pressures of Oxygen', CHAINS 2016, Veldhoven, 
Dec. 2016 (poster and pitch).  

- A. Bieberle-Hütter, R. Sinha, I. Tanyeli, R. Lavrijsen, V. di Palma, M. Creatore, M.C.M. van de Sanden, 'The 
impact of nanostructured interfaces on the performance of hematite photoelectrodes', Symposium 'Looking 
down the rabbit hole: nano‐porosity in thin films', Technical University Eindhoven, the Netherlands, Nov. 
2016 (talk).  

- R. Kishore, X.-Q. Zhang, A. Bieberle-Hütter, 'Modeling the Oxygen Evolution Reaction at Tungsten Oxide 
Surfaces', Sunday 2016, Veldhoven, Nov. 2016 (poster).  

- K. George, X.-Q. Zhang, A. Bieberle-Hütter, 'Modeling of Oxygen Evolution by Density Functional Theory 
based State-Space Modeling', Computational Sciences for Future Energy Conference 2016, Utrecht, Oct. 
2016 (poster).  
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- X.-Q. Zhang, P. Klaver, R. van Santen, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Simulation of the 
Oxygen Evolution Reaction at Hematite Surfaces', Computational Sciences for Future Energy Conference 
2016, Utrecht, Oct. 2016 (poster). 

- A. Bieberle-Hütter, 'The Solid – Liquid Interface in Photo-Electrochemistry: A Case Study of the Hematite 
(Fe2O3) – Electrolyte Interface', EMRS Fall, Warsaw, Poland, Sept. 2016 (talk, invited).  

- X.-Q. Zhang, P. Klaver, R. van Santen, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Simulation of the Oxygen 
Evolution Reaction at Hematite Surfaces', 67th Annual Meeting of the International Society of 
Electrochemistry, Den Haag, the Netherlands, Aug. 2016 (poster).  

- A. Bieberle-Hütter, R. Sinha, I. Tanyeli, R. Lavrijsen, M.C.M. van de Sanden, 'Plasma Nanostructuring: The 
way towards high performing photoelectrodes?', 67th Annual Meeting of the International Society of 
Electrochemistry, Den Haag, the Netherlands, Aug. 2016 (poster).  

- X.-Q. Zhang, P. Klaver, R. van Santen, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Modeling the Oxygen 
Evolution Reaction at Hematite Surfaces', Manfred Eigen Workshop 'Physical Chemistry of Solar Fuels 
Catalysis', Mühlheim a.d.R., Germany, March 2016 (poster).  

- A. Bieberle-Hütter, R. Sinha, R. Lavrijsen, I. Tanyeli, M.C.M. van de Sanden', The Effect of the Micro-
/Nanostructure on the Photo-electrochemical Properties of Hematite Thin Films, Gordon Research 
Conference 'Renewable Energy: Solar Fuels', Lucca, Italy, Febr. 2016 (poster).  

- R. Sinha, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Electrochemical Impedance Spectroscopy Study of 
Hematite Thin Films Prepared by DC and Reactive RF Sputtering', Gordon Research Conference 'Renewable 
Energy: Solar Fuels', Lucca, Italy, Febr. 2016 (poster).  

- R. Sinha, R. Lavrijsen, M.C.M. van de Sanden, A. Bieberle-Hütter, 'Investigation of Photoelectrochemical 
Water Splitting Properties of Hematite Thin Films Fabricated by DC and Reactive RF Sputtering', Physics at 
FOM, Veldhoven, Jan. 2016 (poster).  
 

 
13CO09 
a. Scientific (refereed) publications 
- J.Shen, M.J.Kolb, A. Göttle, M.T.M.Koper, DFT study on the mechanism of the electrochemical reduction of 

CO2 catalyzed by cobalt porphyrins, Journal of Physical Chemistry C 120 (2016) 15714-15721.  
- A.Göttle, M.T.M.Koper , Proton-coupled electron transfer in the electrocatalysis of CO2 reduction: prediction 

of sequential vs. concerted pathways using DFT, Chemical Science 8 (2017) 458-465.  
 
 
13CO12-1/2 
a. Scientific (refereed) publications 
- R. Elbersen, W. Vijselaar, R. Tiggelaar, H. Gardeniers, J. Huskens, Advanced Materials 2015, 27, 6781-

6796; doi: 10.1002/adma.201502632; 'Fabrication and Doping Methods for Silicon Nano- and Micropillar 
Arrays for Solar Cell Applications: a Review'. 

- R. Elbersen, W. J. C. Vijselaar, R. Tiggelaar, H. Gardeniers, J. Huskens, Advanced Energy Materials 2016, 
6, 1501728; doi: 10.1002/aenm.201501728; 'Effects of Pillar Height and Junction Depth on the 
Performance of Radially Doped Silicon Pillar Arrays for Solar Energy Applications'.  

- W. Vijselaar, R. Elbersen, R. Tiggelaar, H. Gardeniers, J. Huskens, Advanced Energy Materials 2017, 7, 
1601497; doi: 10.1002/aenm.201601497; 'Photo-Electrical Characterization of Arrays of Silicon Micropillars 
with Radial p/n Junctions Containing Passivation and Anti-Reflection Coatings'.  

- J. Veerbeek, N. Firet, W. Vijselaar, R. Elbersen, H. Gardeniers, J. Huskens, ACS Applied Materials & 
Interfaces 2017, 9, 413-421; doi: 10.1021/acsami.6b12997; 'Molecular monolayers for electrical 
passivation and functionalization of silicon-based solar energy devices'.  

 
b. Presentations at (inter)national scientific conferences 
- Chains 2016, Vijselaar, W., 'Spatial Decoupling of Light Absorption and Catalytic Activity' 
- MESA+ meeting, Vijselaar, W., 'Pathways towards water splitting devices' 
- Physics@FOM, Westerik, P.J. et al., 'Towards solar to hydrogen devices' 
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13CO16-1/2 
a. Scientific (refereed) publications 
- Niek den Harder, Dirk C. M. van den Bekerom, Richard S. Al, Martijn F. Graswinckel, Jose M. Palomares, 

Floran J. J. Peeters, Srinath Ponduri, Teofil Minea, Waldo A. Bongers, Mauritius C. M. van de Sanden and 
Gerard J. van Rooij, Homogeneous CO2 conversion by microwave plasma: Wave propagation and 
diagnostics, 2016, Plasma Process Polym 9999:1–24.  

- G.J. van Rooij, D. van den Bekerom, N. den Harder, T. Minea, W. Bongers, M.C.M. van de Sanden, G. 
Berden, R. Engeln , 'CO2 conversion by plasmolysis: A route to solar fuels', 43rd IEEE International 
Conference on Plasma Science (ICOPS) 2016 753 (2016) 3944 

 
b. Presentations at (inter)national scientific conferences 
- G.J. van Rooij, 'Non equilibrium plasma conversion for fuels', Workshop on Application of Advanced Plasma 

Technologies in CE Agriculture, 2016/12/31, Ljubljana, Slovenia.  
- G.J. van Rooij, 'Efficient CO2 reduction in microwave plasma: a route to solar fuels', 6th International 

Conference on Advanced Plasma Technologies (ICAPT-6) / Workshop on Industrial Application of Plasma 
Solutions , 2016/12/11 , Siem Reap, Cambodia.  

- G.J. van Rooij, 'Efficient CO2 reduction in microwave plasma via vibrational excitation', International 
Workshop on Plasmas for Energy and Environmental Applications IWPEEA 2016 , 2016/08/21, Liverpool, 
UK. 

- G.J. van Rooij, 'CO2 conversion by plasmolysis: a route to solar fuels', 43rd IEEE International Conference 
on Plasma Science (ICOPS) 2016 , 2016/06/19, Banff, Canada. 

- D.C.M. van den Bekerom, G. Berden, R.A.H. Engeln, J.M. Palomares-Linares, T. Minea, N. Gatti, F.J.J. 
Peeters, S. Ponduri, M.C.M. van de Sanden, G.J. van Rooij, 'Obtaining vibrational temperatures from the 
pure rotational Raman spectrum in a CO2 plasma', Oral , O3, 19th Workshop on the Exploration of Low-
Temperature Plasma Physics (WELTPP-19), 2016/12/01, Kerkrade, The Netherlands. 

- D.C.M. van den Bekerom, T. Minea, N. Gatti, F. Peeters, E. Zoethout, T. Verreycken, W.A. Bongers, M.C.M. 
van de Sanden, G.J. van Rooij, 'Understanding the vibrational distribution in CO2 microwave plasma for 
production of carbon neutral fuels, using time resolved in-situ spectroscopy', GEC Workshop 'Electrification 
of the chemical industry', 2016/10/10, Bochum, Germany, Poster, workshop 4.  

- D.C.M. van den Bekerom, G. Berden, R.A.H. Engeln, J.M. Palomares-Linares, T. Minea, N. Gatti, F.J.J. 
Peeters, S. Ponduri, M.C.M. van de Sanden, G.J. van Rooij, 'Via Vibrational Excitation in a Microwave CO2 
Plasma to Efficient Synthetic Fuel Production', Plasma Processing Science (GRS Seminar) New Challenges of 
Plasma Science and Cutting Edge Plasma Applications, 2016/07/23, Andover, NH, USA, Oral. 

- D.C.M. van den Bekerom, J.M. Palomares-Linares, T. Verreycken, G. Berden, A. Berthelot, W.A. Bongers, C. 
Douat, R.A.H. Engeln, M.A. Damen, N. den Harder, M.C.M. van de Sanden, G.J. van Rooij, 'In-situ time 
resolved IR absorption spectroscopy for assessing CO-production in a pulsed microwave plasma', 28th 
Symposium Plasma Physics and Radiation Technology, 2016/03/15 , Lunteren, The Netherlands, Poster, 
B14. 

- N. Gatti, U, F. Peeters, S. Ponduri, T. Minea, G.J. van Rooij, 'Electron and neutral temperature 
measurements in CO2 and N2/O2 microwave plasmas by Thomson and Raman scattering', 19th Workshop 
on the Exploration of Low-Temperature Plasma Physics (WELTPP-19), 2016/12/01, Kerkrade, The 
Netherlands, Poster, P5. 

- G.J. van Rooij, 'Plasma as power transfer medium', GEC Workshop 'Electrification of the chemical industry', 
2016/10/10, Bochum, Germany, Oral, workshop 4 session I.  

- G.J. van Rooij, 'Understanding dynamics of a pulsed microwave plasma for efficient CO2 dissociation', 14th 
International Conference on Carbon Dioxide Utilization 2016, 2016/09/11, Sheffield, UK , Oral. 

- G.J. van Rooij, N. den Harder, D.C.M. van den Bekerom, J.M. Palomares-Linares, M.C.M. van de Sanden , 
'CO2 reduction in MW plasma: a thermal equilibrium study', 18th International Congress on Plasma Physics 
ICPP 2016, 2016/06/27, Kaohsiung, Taiwan, Oral, B3A1-4. 
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https://intranet.differ.nl/cris/author/3738
https://intranet.differ.nl/cris/author/4610
https://intranet.differ.nl/cris/author/832
https://intranet.differ.nl/cris/author/5229
https://intranet.differ.nl/cris/author/3650
https://intranet.differ.nl/cris/author/3650
https://intranet.differ.nl/cris/author/559
https://intranet.differ.nl/cris/author/80
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/node/65817
https://intranet.differ.nl/node/65817
https://intranet.differ.nl/cris/author/2990
https://intranet.differ.nl/cris/author/832
https://intranet.differ.nl/cris/author/5229
https://intranet.differ.nl/cris/author/4587
https://intranet.differ.nl/cris/author/216
https://intranet.differ.nl/cris/author/4484
https://intranet.differ.nl/cris/author/573
https://intranet.differ.nl/cris/author/80
https://intranet.differ.nl/cris/author/80
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/node/66329
https://intranet.differ.nl/node/66329
https://intranet.differ.nl/cris/author/2990
https://intranet.differ.nl/cris/author/25
https://intranet.differ.nl/cris/author/3738
https://intranet.differ.nl/cris/author/4610
https://intranet.differ.nl/cris/author/832
https://intranet.differ.nl/cris/author/5229
https://intranet.differ.nl/cris/author/3650
https://intranet.differ.nl/cris/author/3650
https://intranet.differ.nl/cris/author/559
https://intranet.differ.nl/cris/author/80
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/node/66326
https://intranet.differ.nl/node/66326
https://intranet.differ.nl/cris/author/2990
https://intranet.differ.nl/cris/author/4610
https://intranet.differ.nl/cris/author/4484
https://intranet.differ.nl/cris/author/25
https://intranet.differ.nl/cris/author/3600
https://intranet.differ.nl/cris/author/573
https://intranet.differ.nl/cris/author/3602
https://intranet.differ.nl/cris/author/3602
https://intranet.differ.nl/cris/author/3738
https://intranet.differ.nl/cris/author/2570
https://intranet.differ.nl/cris/author/735
https://intranet.differ.nl/cris/author/80
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/node/64997
https://intranet.differ.nl/node/64997
https://intranet.differ.nl/cris/author/5229
https://intranet.differ.nl/cris/author/2990
https://intranet.differ.nl/cris/author/4587
https://intranet.differ.nl/cris/author/559
https://intranet.differ.nl/cris/author/832
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/node/65818
https://intranet.differ.nl/node/65818
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/node/65730
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/node/66432
https://intranet.differ.nl/cris/author/76
https://intranet.differ.nl/cris/author/735
https://intranet.differ.nl/cris/author/2990
https://intranet.differ.nl/cris/author/4610
https://intranet.differ.nl/cris/author/80
https://intranet.differ.nl/node/66411


 
 
 

 
 
 - 9 - 
 

13CO19-1/2 
a. Scientific (refereed) publications 
- Y. Bennani, P. Perez-Rodriguez, M.J. Alani, W.A. Smith, L.C. Rietveld, M. Zeman, A.H.M. Smets, 

Photoelectrocatalytic oxidation of phenol for water treatment using a BiVO4 thin-film photoanode, Journal 
of Materials Research 31, 2627-2639, 2016. 

- P. Perez-Rodgriguez, I. Digdaya, A. Mangel Raventos, M. Falkenber, R. Vasudevan, M. Zeman, W. Smith, 
and A.H.M. Smets, Solar fuel production by using PV?PEC junctions based on earth-abundant materials, 
43rd IEEE Photovoltaics Specialist Conference (PVSC), 3620-3624, 2016. 

- N.J. Firet and W.A. Smith, Probing the reaction mechanism of CO2 electroreduction over Ag films via 
operando infrared spectroscopy, ACS Catalysis, 7, 606~612 (2017) 

 
b. Presentations at (inter)national scientific conferences 
- P. Perez-Rodriguez, I. Digdaya, A. Mangel Raventos, M. Falkenberg, R. Vasudevan, M. Zeman, W. Smith, 

and A.H.M. Smets, Solar fuel production by using PV/EC junctions based on earth-abundant materials, 43rd 
IEEE Photovoltaics Specialist Conference (PVSC), 43rd IEEE PVSC 2016, Portland (USA).  

- N.J. Firet and W.A. Smith, Probing the reaction mechanism of CO2 electroreduction over Ag films via 
operando infrared spectroscopy, NCCC Annual Meeting, March 2017, NL. 

 

 
13CO23-1/2 
b. Presentations at (inter)national scientific conferences 
- Physics@FOM Veldhoven 2016, 2016/01/19, Veldhoven, the Netherlands. 

'Plasma dissociation of water for CO2 conversion', T.T. Belete, M.A. Gleeson, M.C.M. van de Sanden. 
- the Netherlands' Catalysis and Chemistry Conference 2016, 2016/03/07 Noordwijkerhout, the Netherlands. 

'Calcium Carbonate decomposition assisted by plasma to convert carbon dioxide into fuels', G. Giammaria, 
L. Lefferts. 

- 28th Symposium Plasma Physics and Radiation Technology, 2016/03/15, Lunteren, the Netherlands. 
'Preparation of Calcium Layers in UHV Chamber for Plasma assisted CO2 conversion', T. Belete, 
M.C.M. van de Sanden, M.A. Gleeson.  

- Physics@FOM Veldhoven 2017, 2017/01/18, Veldhoven, Netherlands. 
'Plasma-assisted decomposition of CaCO3 to convert CO2 into fuels', G. Giammaria, L. Lefferts.  

- the Netherlands' Catalysis and Chemistry Conference 2017, 2017/03/07 Noordwijkerhout, the Netherlands. 
'Catalytic effect of H2O on CaCO3 decomposition', G. Giammaria, L. Lefferts.  

- The 32th European Conference On Surface Science (ECOSS-32), 2016/08/28, Grenoble, France.  
'The Surface Science of Calcium Carbonate', T.T. Belete, M.A. Gleeson, M.C.M. van de Sanden.  

- SCOT final conference - Carbon Dioxide Utilisation: Catalyst for a European Industrial Renaissance, 
2016/06/29, Brussels, Belgium. [Poster prize winner] 
'Direct Production of Fuels From Captured CO2', T.T. Belete, M.A. Gleeson, M.C.M. van de Sanden.  

 
 
13CO24-1/2 
a. Scientific (refereed) publications 
- A.J. Walsh, R. van Lent, S.V. Auras, O.T. Berg, M.A. Gleeson, and L.B.F. Juurlink,  
- Step-type and step-density influences on CO adsorption probed by reflection absorption infrared 

spectroscopy using a curved Pt(1 1 1) surface, Journal of Vacuum Science & Technology A: Vacuum, 
Surfaces, and Films, Volume 35, Issue 3, 03E102, 2017 

 
b. Presentations at (inter)national scientific conferences 
- L.B.F. Juurlink, CMD conference, September 2016, Groningen, the Netherlands, The influence of surface 

defects on the dissociative adsorption of diatomics (invited lecture) 
- L.B.F. Juurlink, 63rd American Vacuum Society International Symposium and Exhibition, Nashville (TN), 

USA, November 2016, Curved Single Crystals as Tools to Study Structure Dependencies In Surface Science 
and Gas-Surface Reaction Dynamics (invited lecture) 
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13CO26-1/2/3 
a. Scientific (refereed) publications 
- Dzade, N.Y.; Roldan, A.; and de Leeuw, N. H. Structures and properties of As(OH)3 adsorption complexes 

on hydrated mackinawite (FeS) surfaces: A DFT-D2 study. Environ. Sci. Technol. (2017) DOI: 
10.1021/acs.est.7b00107. 

- Wu, L.; Dzade, N.Y.; Gao, L.; Scanlon, D. O.; Öztürk, Z.; Hollingsworth, N.; Weckhuysen, B. M.; Hensen, 
E. J. M.; de Leeuw, N. H.; and Hofmann, J. P. Enhanced Photoresponse of FeS2 Films - The Role of 
Marcasite–Pyrite Phase Junctions. Adv. Mater. (2016), 28, 9602–9607 (back cover image). 

- Dzade, N.Y.; Roldan, A.; and de Leeuw, N. H. Surface and shape modification of mackinawite (FeS) 
nanocrystals by cysteine adsorption - a first-principles DFT-D2 study. Phys. Chem. Chem. Phys., (2016), 
18, 32007−32020. 

- Dzade, N.Y.; Roldan, A.; and de Leeuw, N. H. DFT-D2 study of the adsorption and dissociation of water on 
clean and oxygen-covered {001} and {011} surfaces of Mackinawite (FeS). J. Phys. Chem. C, (2016), 120, 
21441–21450. 

- Dzade, N. Y.; Roldan, A.; and de Leeuw, N. H. DFT-D2 simulations of water adsorption and dissociation on 
the low-index surfaces of mackinawite (FeS). J. Chem. Phys. (2016), 144, 174704.  

- Dzade, N. Y.; Roldan, A.; and de Leeuw, N. H. Activation and dissociation of CO2 on the (001), (011), and 
(111) surfaces of mackinawite (FeS): A dispersion-corrected DFT study. J. Chem. Phys. (2015), 143, 
094703.  

 
b. Presentations at (inter)national scientific conferences 
- 'Nanostructuring of pyrite and marcasite surfaces for photovoltaic applications'. Computational Sciences for 

Future Energy 2016, FOM-NOW conference, 11th October, 2016, Media Plaza, Utrecht.  
- 'Mixed pyrite-marcasite thin films for efficient solar energy conversion'. Royal Society-DFID Africa Capacity 

Building Initiative meeting, 1st-5th August, 2016, Kwame Nkrumah University of Science and Technology 
(KNUST), Kumasi, Ghana. 

- 'Enhanced photo-response of FeS2 films: the role of marcasite-pyrite phase junctions'. Modelling of 
Advanced Functional Materials using Terascale Computing. 6th-8th April 2016, Cardiff University, UK. 

- 'Bio-inspired FeS nano-catalyst for CO2 activation and conversion'. The Science behind CO2 Capture and 
Conversion, International conference, 24th-28th June, 2015, Varadero, Cuba. 

- 'Mixed Iron Pyrite-Marcasite Films with Enhanced Photo-Response', 21st International Conference on 
Photochemical Conversion and Storage of Solar Energy, July 25-29, 2016, St. Petersburg, Russia. 

- 'Phase junctions in FeS2 films: enhanced photoelectrochemical performances', International Conference on 
Advances in Semiconductors and Catalysts for Photoelectrochemical Fuel Production (SolarFuel16), 
September 4-6, 2016, Berlin, Germany. 

 
5. PhD defences 

No PhD thesis yet completed. 
 
6. Valorisation, outreach and patents 

Several industries have shown interest in the results of the programme. This was exemplified by the presence 
of several industries on the workshop held at DIFFER on April 5 (Shell, Aliander, Covalenergy, NXP, 
Syngaschem were represented). Also the call, which can be considered a follow-up of both this CO2 Neutral 
fuels programme as well as the Toward BioSolar cells programme a 10% private contribution was required. The 
programme has recently started. Apart from this several groups have direct contacts with industries such as 
Shell, Alliander, Ampleon (former NXP), Gasunie, Stedin, Syngaschem, Evonik, BASF etc. Also worth 
mentioning is the collaboration mentioned in project 13CO24 'The added temporary focus on use of curved 
single crystals in studying CO2's and other molecules gas-surface reaction dynamics has sparked collaboration 
with the small business Surface Preparation Laboratory (SPL) in Zaandam. This has recently resulted in a 
successful research grant application at STW for developing a new growth technique for single crystalline 
materials to be used in fundamental (potentially CO2-related) research.' 
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A. Walsh, Surface reactivity of activated CO2: a doorway to efficient energy storage? – Invited lecture, 22 
February 2016, University College Cork, Ireland. 
 
7. Vacancies 

All vacancies fulfilled.  
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Fact sheet as of 1 January 2017 

 FOM - 14.0008/3 
 datum: 01-01-2017 
 
APPROVED FOM/NWO-CW PROGRAMME 
 
Number 147. 
  
Title (code) CO2-neutral fuels (CO2NF) 
  
Executive organisational unit DIFFER & BUW 
  
Programme management Prof.dr.ir. M.C.M. van de Sanden 
  
Duration 2012 – 2021 
  
Cost estimate M€ 7.0 (part via FOM) 
  
Partner(s) Shell, NWO-AB, NWO-CW 
  
Concise programme description 

a. Objectives 

The aim of the programme is to address key aspects of the production of CO2-neutral fuels from carbon dioxide 
and water within a framework of four multidisciplinary research themes, leading to use-inspired research with 
great valorisation potential. These four research themes are: 
1. photocatalytic approaches for CO2-neutral fuels: functional inorganic semiconductor materials; 
2. responsive matrices for CO2-neutral production of solar fuels; 
3. out-of-equilibrium processing of solar fuels; 
4. process and reactor development for the downstream synthesis of fuels or chemicals. 
The programme contributes to the Dutch Top Sectors Energy and Chemistry. 
 
b. Background, relevance and implementation 

There is a strong need to produce, with minimal kinetic losses, CO2 neutral fuels from renewable energy 
sources such as solar and wind, to alleviate the intermittent character of these sustainable energy sources by 
storing the energy in fuels and to mitigate the detrimental climate effect of the globally increasing CO2 levels. 
The 'CO2-neutral fuels' programme consists of three parts:  
1. an open call 'CO2-neutral fuels' with a budget of M€ 5.0 issued by FOM; 
2. two tenure track positions for new research lines at NWO Institute DIFFER (M€ 2.0); 
3. an open call 'Plasma conversion of CO2' with a budget of M€ 2.0 issued by STW. 
The 'CO2-neutral fuels' programme committee, chaired by Prof.dr.ir. M.C.M. van de Sanden, is responsible for 
the publication of the calls and, consulting international reviewers, for the selection of the projects to be 
funded.  
The steering committee with representatives of Shell, FOM, and NWO-CW is the ultimate decision body of the 
programme and acts in accordance with the steering committee of the overall CSER initiative. 
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Funding 
salarispeil cao per 01-01-2016 
 
a. Via BUW 

bedragen in k€ ≤ 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 600 200 200 - - - 1.000 

FOM-basisinvesteringen - - - - - - - 

Doelsubsidies NWO 
- NWO-AB 1) 

- NWO-CW 

 
1.000 
1.000 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
1.000 
1.000 

Doelsubsidies derden 
- Shell 

 
1.000 

 
500 

 
- 

 
- 

 
- 

 
- 

 
2.000 

Totaal 2) 4.100 700 200 - - - 5.000 

 
b. Via DIFFER 

bedragen in k€ ≤ 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 600 200 200 - - - 1.000 

FOM-basisinvesteringen - - - - - - - 

Doelsubsidies NWO 
- NWO-AB 

- NWO-CW 

 
- 

1.000 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 

1.000 
Doelsubsidies derden 
- Shell 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

Totaal 2) 1.600 200 200 - - - 2.000 
1) besides the contribution of M€ 1.0 to FOM, NWO-AB also contributes M€ 0.5 to STW. 
2) besides the M€ 7.0 that runs through FOM, the programme has an additional component of M€ 2.0 with the 

following contributions: STW: M€ 1.0, Alliander: M€ 0.5, NWO-AB: M€ 0.5. 
 
Source documents and progress control 

a) Original programme proposal: FOM-11.1052/2, FOM-11.1288/D, FOM-13.0452 
b) Ex ante evaluation: - 
c) Decision Executive Board: FOM-12.1852, FOM-13.0288, FOM-13.1714 
d) Shell-FOM collaboration agreement: FOM-12.1843/D 
 
Remarks 

This FOM programme is part of the overarching initiative 'Computational sciences for energy research'. For 
administrative reasons and transparency the CSER initiative has been split in four programmes that have the 
following main objectives: 
- The education of 75 PhD students who are willing to work at the Shell 'Computational Centre of Excellence' 

in Bangalore, India, after finishing their PhD (i32, CSER-PhD); 
- contribute to the NWO theme 'Duurzame Energie' through the programmes 'Uncertainty reduction in smart 

energy systems' (FOM/NWO-MaGW programme 146, URSES) and 'CO2-neutral fuels' (FOM/NWO-CW 
programme 147, CO2NF); 

- investments in the Dutch computational sciences infrastructure at universities and para-university research 
institutes, mostly through tenure track positions (nr. 145, CSER-KIF). 
 

 HO par. HOZB 
Subgebied: 100% COMOP  
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Overview of projects and personnel 

 
Workgroup FOM-D-52 

Leader Prof.dr. B. Dam 

Organisation Delft University of Technology 

Project leader  

Project (title + number) 
Earth abundant materials based monolithic photovoltauc-photoelectrochemical 
device toward 15% solar-to-hydrogen cenversion efficiencies (13CO19-2) 

 

FOM employees on this project 

Name  Position Start date End date 

N.J. Firet PhD 16 March 2015 15 March 2019 

 
 
Workgroup FOM-D-58 

Leader Prof.dr. M. Zeman 

Organisation Delft University of Technology 

Project leader Dr.ir. A.H.M. Smets 

Project (title + number) 
Earth abundant materials based monolithic photovoltauc-photoelectrochemical 
device toward 15% solar-to-hydrogen cenversion efficiencies (13CO19-1) 

 

FOM employees on this project 

Name  Position Start date End date 

P. Perez Rodriguez PhD 26 May 2014 25 May 2018 

 
 
Workgroup FOM-E-32 

Leader Prof.dr.ir. W.M.M. Kessels 

Organisation Eindhoven University of Technology 

Project leader  

Project (title + number) 
Plasma chemistry at work: efficient plasma-assisted fuel conversion through 
control of vibrational excitation-TU/e deel (13CO16-1) 

 

FOM employees on this project 

Name  Position Start date End date 

M.A. Damen PhD 1 November 2015 31 October 2019 

 
 
Workgroup FOM-E-33 

Leader Dr. J.P. Hofmann 

Organisation Eindhoven University of Technology 

Project leader Dr. J.P. Hofmann 

Project (title + number) 
Computer-aided design of iron-sulfide nanocatalytysts for the solar-driver 
conversion of CO2 to fuels (13CO26-3) 
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FOM employees on this project 

Name  Position Start date End date 

L. Wu PhD 1 September 2014 31 August 2018 

 
 
Workgroup FOM-L-40 

Leader Prof.dr. M.T.M. Koper 

Organisation Leiden University 

Project leader Prof.dr. M.T.M. Koper 

Project (title + number) Towards efficient low-temperature CO2 electrolysis (13CO09) 

 

FOM employees on this project 

Name  Position Start date End date 

A.J. Gottle WP/T 15 September 2014 14 March 2017 

M. van der Plas PhD 22 April 2014 21 April 2018 

 
 

Leader Prof.dr. M.T.M. Koper 

Organisation Leiden University 

Project leader Dr. L. Juurlink 

Project (title + number) Surface reactivity of activated CO2 (13CO24-1) 

 

FOM employees on this project 

Name  Position Start date End date 

R. van Lent PhD 1 May 2014 30 April 2018 

 
 
Workgroup FOM-T-34 

Leader Prof.dr.ir. J. Huskens 

Organisation Twente University 

Project (title + number) 
Photocatalytic silicon microwire membranes efficient tools for water splitting 
devices (13CO12-2) 

 

FOM employees on this project 

Name  Position Start date End date 

W.J.C. Vijselaar PhD 1 February 2014 31 January 2018 

 
 
Workgroup FOM-T-35 

Leader Prof.dr. J.G.E. Gardeniers 

Organisation Twente University 

Project (title + number) 
Photocatalytic silicon microwire membranes efficient tools for water splitting 
devices (13CO12-1)  

 



 
 
 

 
 
 - 16 - 
 

FOM employees on this project 

Name  Position Start date End date 

P.J. Westerik PhD 1 March 2014 28 February 2018 

 
 
Workgroup FOM-T-45 

Leader Prof.dr.ir. L. Lefferts 

Organisation Twente University 

Project (title + number) Direct production of fuels from captured CO2 (13CO23-2)  

 

FOM employees on this project 

Name  Position Start date End date 

G. Giammaria PhD 15 August 2014 14 August 2018 

 
 
Workgroup FOM-U-44 

Leader Prof.dr. N.H. de Leeuw 

Organisation Utrecht University 

Project (title + number) 
Computer-aided design of iron-sulfide nanocatalytysts for the solar-driver 
conversion of CO2 to fuels (13CO26-2) 

 

FOM employees on this project 

Name  Position Start date End date 

N.Y. Dzade WP/T 1 October 2014 30 September 2017 

 
 
Group Van de Sanden 

Leader Prof.dr.ir. M.C.M. van de Sanden 

Organisation FOM Institute DIFFER 

Project (title + number) Tenure track posities DIFFER CO2NF (13CO-TT) 

 

FOM employees on this project 

Name  Position Start date End date 

A. Bieberle WP/T 1 April 2014 31 March 2018 

M. Tsampas WP/T 1 July 2014 30 June 2018 

R. Sinha PhD 3 November 2014 2 November 2018 

G. Zafeiropoulos PhD 15 September 2015 14 September 2019 

T. Rikkers STAGE 5 September 2016 3 February 2017 
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Group Van Rooij 

Leader Prof.dr.ir. M.C.M. van de Sanden 

Organisation FOM Institute DIFFER 

Project leader Prof.dr.ir. G.J. van Rooij 

Project (title + number) 
Plasma chemistry at work: efficient plasma-assisted fuel conversion through 
control of vibrational excitation (13CO16) 

 

FOM employees on this project 

Name  Position Start date End date 

D.C.M. van den Bekerom PhD 15 January 2014 14 January 2018 

J.M. Palomares Linares WP/T 1 June 2015 30 June 2016 

 
 
Group Gleeson I 

Organisation FOM Institute DIFFER 

Project leader Dr. M.A. Gleeson 

Project (title + number) Direct production of fuels from captured CO2 (13CO23-1) 

 

FOM employees on this project 

Name  Position Start date End date 

T.T. Belete PhD 27 October 2014 26 October 2018 

 
 
Group Gleeson II 

Organisation FOM Institute DIFFER 

Project leader Dr. M.A. Gleeson 

Project (title + number) Surface reactivity of activated CO2 (13CO24-2) 

 

FOM employees on this project 

Name  Position Start date End date 

A.J. Walsh WP/T 17 February 2014 16 February 2016 
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