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1. SCIENTIFIC RESULTS 2014 
13CO-TT - Tenure Track Positions DIFFER  
A. Bieberle 
The photo-electrochemical activities were started in 2014. Main effort was focused on the fabrica-
tion and characterization of thin film metal oxide photoelectrodes and the installation of a photo-
electrochemical set-up. We were able to nanostructure metal thin films by high ion flux plasma to 
achieve a large surface area for photo-electrochemical conversion. In parallel to the experimental 
efforts, we started with theoretical studies to model and simulate the photo-electrochemical inter-
face. A multi-scale modeling & simulation approach was suggested and first DFT calculations of 
the hematite photoelectrode interface are currently carried out. 
 
M. Tsampas 
The planned research that will be carried out in my group focuses on the development of new 
generation of photoelectrochemical (PEC) cells based on polymer electrolyte membranes (PEM-
PEC) for the production of solar fuels from water and CO2. The majority of PEC hydrogen genera-
tion studies involve the use of aqueous electrolyte as both the electrolyte and the photo anode 
reactants. The utilization of polymer electrolytes will be advantageous since it allows: 
(i) reactants in the gas phase thus operation at higher temperatures and pressures will be possible 
for improving the electrode kinetics, 
(ii) pressurizing the system thus increasing the electrode kinetics and also directly producing com-
pressed H2, 
(iii) direct access of CO2 to the electrodes (in aqueous PEC systems a major drawback is the low 
solubility of CO2 molecule in water), 
(iv) development of cells with more compact and robust design. 
Until now, there are very few attempts to separate the two half reactions compartments with a 
polymer conductor and all cases involve proton (and not hydroxyl ion) exchange membranes. 
Promising advances have emerged recently in the pursuit of efficient and stable alkaline mem-
brane electrolysis. Utilization of this kind of membranes will be a major innovation for solar driven 
systems since the alkaline environment permits the use of non-noble metal catalysts. 
My tenure track contract started on 1st July 2014, thus 2014 was mainly devoted in the construction 
phase of the experimental setup that can accommodate the aforementioned studies. In this period 
my activities concerned the definition and ordering of the appropriate instrumentation for (a) gas 
supply and control units, (b) gas phase analysis, (c) electrochemical characterization, (d) illumina-
tion unit, (e) gas feed humidification and water trapping units and (e) heating elements and tem-
perature control systems. A novel electrochemical reactor based on PEM fuel cell technology 
which allows illumination of the working compartment was designed. The construction of this 
unit took place in the workshop of DIFFER. Until recently DIFFER’s orientation was more focused 
on the physics therefore there was a lack of instrumentation for chemical related processes. There-
fore, this period orders were made regarding the (a) photoelectrodes, (b) the cocatalysts and (c) 
membrane electrolyte materials. The necessary equipment for the material preparation were also 
defined and purchased.  
 
13CO09 - Towards efficient low-temperature CO2 electrolysis 
There are two projects running, one experimental project and one computational project. The sci-
entific results of these two project is described separately. 
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Experimental project (M.van der Plas) 
Introduction 

This project comprises of the attachment of molecular catalysts to electrode 
surfaces for the reduction of CO2 to, preferably liquid, fuels. The main 
products which will be focused on initially are carbon monoxide (CO) and 
formate (HCOO–). Eventually, it is desired to synthesize methanol (CH3OH) 
directly, or indirectly from the former two products. To achieve this, the 
ligand is modified by different auxillary groups to steer the reduction reac-
tion towards a certain product, increasing the selectivity of the reaction. The 
Ni(cyclam) complex was chosen for this because of its rigid and well 

defined ligand structure and possibility for modification of the ligand. The mode of attachment to 
the carbon electrode surface was selected to be pyridine auxillary groups, which were attached via 
the reduction of their diazonium salt, covalently attaching them to the electrode surface. Pyridine 
auxillary groups were selected because of the possibility to coordinate axially to the Ni metal cen-
ter, thereby holding it close to the electrode surface. 
The modification of the cyclam ligand at the R position should prove whether the reduction of 
CO2 could be improved in overpotential and/or rate of reaction. The use of proton shuttling 
groups should provide the complex with ample protons for proton coupled electron transfer 
(PCET) reactions, which are more energy efficient than single electron transfer reactions. Examples 
of proton shuttling groups can be carboxylic acids, alcohols and amines, both aliphatic and aro-
matic. Furthermore, lewis acids and/or bases could be used to activate the C=O bond and make 
reduction of the CO2 molecule more energy efficient, or steer the product selectivity.  
 
Results 
The unmodified Ni(cyclam) complex was synthesized and tested for catalytic activity on a pyro-
lytic graphite electrode. The choice of electrolyte salt appeared to be of great influence on the 
effectivity of the CO2 reduction. Both a non-coordinating (perchlorate) and a coordinating (chlo-
ride) anion were selected. It was found that under a CO2 atmosphere, Ni(cyclam) showed a 
stronger reduction wave (which was found at –1.2 V vs. RHE) when using chloride as anion in the 
electrolyte (Figure 1 A).  
Furthermore, the use of a pyridine modified electrode shifted the visible catalytic reduction wave 
positive by about 600 mV (Figure 1 B), to near the thermodynamic potential of the CO2 <-> CO 
reduction couple (which lies at –0.51 V vs. RHE), but only when using chloride as the anion in the 
electrolyte. These results were obtained when using neutral pH. In acidic media (pH = 1) these 
results were not seen, which is probably caused by the protonation of the pyridine auxiliary 
groups, preventing them from coordinating to the metal center. 
The shift in reduction potential, caused by the pyridyl groups led to new ligand design in which 
the pyridine group is covalently attached to the cyclam ligand, thereby preventing the complex to 
desorb from the electrode surface. 
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Future 
Currently, work is being conducted on the cyclam ligand with a covalently attached phenyl group 

that can be attached to the electrode (), thereby covalently attaching the entire complex covalently 
instead of coordinatively to the electrode surface. Furthermore, a similar complex with a pyridyl 
group will be synthesized and attached to the electrode surface to measure the influence of a 
covalently attached pyridyl group coordinating to the nickel center on the activity for CO2 reduc-
tion. 
 
Computational project (A.Göttle) 

 
Results 
Recently, some experiments were performed in our group to study the CO2 reduction in water 
catalyzed by cobalt porphyrin complexes immobilized on an inert electrode. They highlighted a 
peculiar behavior of the dependence of the carbon monoxide faradaic efficiency on the pH. Indeed, 
the CO evolution becomes rather competitive with the side reaction hydrogen evolution when 
increasing the pH. This result is counter-intuitive since a crucial step of the CO evolution reaction 
involves the protonation of the CO2 adduct (CoP-CO2 + H+  CoP-COOH). The possibility that 
water could act as a proton donor is the main point that we tried to elucidate using electronic 
structure calculations based on density functional theory. 
 
Prior to any mechanistic study, we investigated the energetics of the various charge-spin states of 
the blank cobalt porphyrin complex (CoP) and the binding energy of CO2 (cf Table). 
  

 
Figure 1 – A: Electrochemical CO2 reduction with Ni(cyclam) in different electrolytes. B: 

Difference in overpotential of CO2 reduction with Ni(cyclam) when using bare and modified 
PG electrodes. 
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Figure 2 – Using an aromatic auxillary group for attaching a cyclam-derived complex to a 

carbon electrode surface. 
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charge low spin high spin CO2 binding 

energy 
0 0.00 (doublet) 0.77 (quartet) no adduct 
-1 0.00 (singlet) 0.67 (triplet) -0.33 
-2 0.00 (doublet) 0.62 (quartet) -0.54 

Table. relative energies in eV of the various charge–spin states of 
the blank CoP complex and CO2 binding energies. 
 

Interestingly, the existence of the CO2 adduct and the binding energies of CO2 are highly related to 
the charge state of the complex. The more reduced the complex, the larger the binding energy. 
Furthermore, a charge analysis showed that a significant metal to ligand (CO2) charge transfer 
occurs upon the coordination of the CO2. It is thus clear that the CO2 adduct can act as a Bronsted 
base. 
 
We then performed the mechanistic study of the protonation step of the monoanionic CO2 adduct. 
We optimized some clusters composed of the CoP complex together with one or several explicit 
water molecules (cf figure) and built the potential energy surface along the reaction path (proton 
transfer). The results obtained with the simplest cluster model (one single water molecule) and 
clusters accounting for more explicit water molecules are similar. The energy of the system 
increases continuously during the whole course of the proton transfer (ΔE ≈ 15-17 kcal.mol-1) and 
no stationary point corresponding to a CoP-COOH structure was found. Thus, in the framework of 
the model used, the results obtained tends to show that the basicity of the CO2 adduct is not large 
enough to subtract a proton from a water molecule. 

 
Figure. Structure of the largest optimized cluster composed of the CoP-CO2 complex and 

several water molecules surrounding the CO2 ligand. 
 
Future 
For the current year, we will still focus on metalloporphyrin complexes and probe the effect of 
various axial ligands on the binding energies of the reaction intermediates encountered along the 
CO2 reduction reaction path. We will particularly pay attention to the relation between the pro-
perties of the axial ligand in terms of σ/π-acceptor/donor capability and the catalytic activity of 
the complex. The aim of this study is to be able to predict for a given metal center what should be 
the properties of the axial ligand to maximize the catalytic activity. We also want to probe if we 
can drive the selectivity of the catalyst towards high energy density products (methanol, methane) 
using the suitable axial ligand. 
 
13CO12 - Photocatalytic silicon microwire membranes efficient tools for water splitting devices 
The aim of the project is to develop a membrane-based, photoelectrochemical water-splitting 
device and to solve the scientific and technological challenges associated with it. The main func-
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tions such a membrane has to fulfill are: (i) support for semiconductor micro/nanostructures that 
take care of light harvesting and charge separation, (ii) electrical contact between the anode and 
cathode sides of the membrane, and (iii) proton conduction to level the pH imbalance that arises 
from hydrogen and oxygen production. This project is a collaborative effort between the groups of 
Han Gardeniers (UT, 13CO12-1) and Jurriaan Huskens (UT, 13CO12-2). 
 
13CO12-1 
The current work focuses on 4 aspects, with currently a focus on the first. Overall, the progress is 
steep, and prospects of high quality scientific publications are already well established. 

The first is the development of a multijunction silicon pillar photovoltaic element. Silicon pillar 
array etching and doping is based on previous work of Rick Elbersen, PhD student in the group of 
Huskens & Gardeniers (UT) who is employed on the FOM-ALW programme that falls under the 
Towards BioSolar Cells programme. The new aspect here is that a process is under development 
that allows radial doping of cylindrical single-crystal silicon pillars, with control of the type and 
position of doping axially along the pillar. The goal is a multijunction solar PV element with large 
surface area. 

A second part focuses on the deposition of fluorine-doped tin oxide, a conductive transparent 
oxide, which will be deposited on silicon pillars. Sputtering and etching protocols are under inver-
stigation. Third topic is deposition of hematite, a promising photoanode with band positions suit-
able for water splitting. Electrophoretic deposition was studied as it is considered to be suitable for 
coating high-aspect ratio structures. A guest researcher, Hamid Emadi, has performed this work 
during a 6-month visit. A fourth topic is hydroxide exchange membranes, an activity based on the 
notion that electrolyzers with alkaline electrolytes are the industry standard for electrolytic hydro-
gen production. First experiments of polymer deposition inbetween silicon pillars, by an anti-
solvent process, have been carried out in cooperation with the SFI group (see below), which were 
promising but require better solvent exchange protocols. A measurement setup (H-cell) for char-
acterizing membranes is ready for use. 
 
13CO12-2 
The current work focuses on three aspects, and the progress in each will be described below. Over-
all, the progress is steep, and prospects of high quality scientific publications are already well 
established. 

The first is the development of an appropriate combination (stack) of semiconductor materials that 
will efficiently capture light, i.e. from different parts of the solar spectrum, and supply sufficient 
potential to achieve water splitting. At the same time, the materials should preferably be cheap 
and easy to fabricate. Current developments are in the combination of two different semiconduc-
tors. In collaboration with the group of Ruud Schropp (TUE), initial samples have been made. 
Photoelectrical measurements are underway to assess the overall bandgap and photoncurrent effi-
ciency. 

The second subject under development is the improvement of the efficiency of Si micropillar 
arrays. These arrays are planned to be used in the final membrane device as one of the semicon-
ductor materials. This subject is done in collaboration with Rick Elbersen, PhD student in the 
group of Huskens & Gardeniers (UT) who is employed on the FOM-ALW programme that falls 
under the Towards BioSolar Cells programme. Thin-layer anti-reflection coatings have been pre-
pared of various materials, deposited on flat Si wafers and Si pillar arrays, and their photocurrent 
efficiencies have been determined. Model calculations explain the observed efficiency increases 
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well, and overall efficiencies have been increased by several percents. A manuscript about this 
work is currently in progress. 

A third part deals with the proton conduction through the membrane. Literature data show that a 
closed, non-H+-conducting membrane of several cm2 stops functioning properly in a few minutes 
because of the build-up of a proton-gradient that creates an additional potential gap that needs to 
be bridged by the photoexcitation. An important question is at what lengthscale this proton gradi-
ent stops posing a problem. Therefore, finite-element modeling was performed on hypothetical 
photoelectrical membranes of different sizes. The results of these simulations are currently being 
validated by the making and testing of test membranes. 

Future developments will be in the implementation of proton-conducting polymers in these mem-
branes and the study on the effect of these on the proton conduction problem. 
 
The first is the development of an appropriate combination (stack) of semiconductor materials that 
will efficiently capture light, i.e. from different parts of the solar spectrum, and supply sufficient 
potential to achieve water splitting. At the same time, the materials should preferably be cheap 
and easy to fabricate. Current developments are in the combination of two different semiconduc-
tors. In collaboration with the group of Ruud Schropp (TUE), initial samples have been made. 
Photoelectrical measurements are underway to assess the overall bandgap and photoncurrent effi-
ciency. 
 
The second subject under development is the improvement of the efficiency of Si micropillar 
arrays. These arrays are planned to be used in the final membrane device as one of the semicon-
ductor materials. This subject is done in collaboration with Rick Elbersen, PhD student in the 
group of Huskens & Gardeniers (UT) who is employed on the FOM-ALW programme that falls 
under the Towards BioSolar Cells programme. Thin-layer anti-reflection coatings have been pre-
pared of various materials, deposited on flat Si wafers and Si pillar arrays, and their photocurrent 
efficiencies have been determined. Model calculations explain the observed efficiency increases 
well, and overall efficiencies have been increased by several percents. A manuscript about this 
work is currently in progress. 
 
A third part deals with the proton conduction through the membrane. Literature data show that a 
closed, non-H+-conducting membrane of several cm2 stops functioning properly in a few minutes 
because of the build-up of a proton-gradient that creates an additional potential gap that needs to 
be bridged by the photoexcitation. An important question is at what lengthscale this proton gradi-
ent stops posing a problem. Therefore, finite-element modeling was performed on hypothetical 
photoelectrical membranes of different sizes. The results of these simulations are currently being 
validated by the making and testing of test membranes. 
 
Future developments will be in the implementation of proton-conducting polymers in these mem-
branes and the study on the effect of these on the proton conduction problem. 
 
13CO16 - Plasma chemistry at work: efficient plasma-assisted fuel conversion through control 
of vibrational excitation 
Progress 
Work in the first year concerned (i) characterization of the microwave CO2 plasma discharges at 
the DIFFER facilities, (ii) preparation of CO absorption measurements at the TUE facilities as well 
as (iii) two experimental campaigns at the FELIX facilities. Below a summary of the outcome of 
these activities is given. 
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i. DIFFER facilities: The strong non-equilibrium conditions provided by the plasma phase were 
investigated with respect to opportunity to beat traditional thermal process energy efficiencies via 
preferential excitation of molecular vibrations. Simple molecular physics considerations were 
evaluated to explain potential dissociation pathways in a plasma and their effect on energy effi-
ciency. A common microwave reactor approach was installed and Rayleigh scattering and Fourier 
transform infrared spectroscopy were commissioned to determine gas temperatures (exceeding 
104 K) and conversion degrees (up to 30%), respectively. These results were interpreted on basis of 
estimates of the plasma dynamics obtained with electron energy distribution functions calculated 
with a Boltzmann solver. The work indicates that the intrinsic electron energies are higher than is 
favourable for preferential vibrational excitation due to dissociative excitation, which causes ther-
modynamic equilibrium chemistry to dominate. The highest observed energy efficiencies of 45% 
do indicate that still non-equilibrium dynamics had been at play. A novel approach involving 
additives of low ionization potential to tailor the electron energies to the vibrational excitation 
regime, essential for the current project, is being prepared. 
 
A paper on this work has been submitted to 'Faraday Discussions'. 
 
ii. TUE facilities: A quantum cascade laser system was made available by the TUe for CO obsorp-
tion measurements in the lower wave number range, i.e. around 2200 cm-1. The laser covers the 
edge of the CO stretch band. The latter system had already successfully been used to quantify CO 
concentrations in a Dielectric Barrier Discharge environment. It was installed and commissioned 
on the DIFFER microwave plasma source to provide active CO measurements in correlation to 
FELIX vibrational excitation events during the second FELIX campaign. 
 
iii. FELIX facilities: The first campaign at FELIX was used to explore the particulars of FELIX exci-
tation in a CO2 microwave discharge. FELIX radiation was scanned over a range of 4.1 to 4.5 um, 
around the wavelength of 4.25 µm that corresponds with the excitation of the first vibrational level 
for CO2. A gated imaging spectrometer was used to simultaneously monitor the optical emission of 
CO( b3Σ+ – a3Π (0,0) @ 283nm & b3Σ+ – a3Π (0,1) @ 293nm) and CO2+ (B2Σ+ – X2Π @ 288nm) as a relative 
measure for the (change in) the CO and CO2+ density. It is emphasized that these spontaneous 
emissions all involve high energy excitations (~10 eV for the CO lines, ~20 eV for the CO2+ line). 
The consequence was that the reactor conditions had to be tuned to high values of input energy 
per molecule in order to increase the emission intensity above the noise for an integration time of 
10-50 µs. In fact, whereas the ideal energy per molecule for optimal effect of vibrational excitation 
is estimated to be ~0.3 eV, these experiments involved ~10 eV per molecule. Under such high 
power densities, rapid translational heating of the heavy molecules will induce quenching of 
vibrational excitation. 
 
The data show large statistical variations. Fluctuations in the plasma discharge on the time scale of 
the different measurement series (i.e. FELIX laser wavelength) were not recorded, could thus not 
be corrected for, and caused the different baselines for the different series. Nevertheless, a first hint 
to additional dissociation was observed at the time scale expected for vibrational ladder climbing: 
a peaking seems observable around a delay of 0.1 ms for Felix wavelengths of 4.30 and 4.44 µm. 
 
In the second campaign, CO production was directly probed by the quantum cascade laser 
absorption measurements. Absolute concentrations of CO were measured in a wide range of oper-
ation conditions, however, no response on FELIX vibrational distribution perturbations were 
observed. On the one hand, this may have been caused by effectively integrating over too long CO 
production time scales due to technical limitations at the time of the measurements. On the other 
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hand, this may have been caused by the strong thermal character in the center of the discharge as 
was determined at the DIFFER facilities afterwards (discussed above).  
 
Schedule and quality 
Work at the DIFFER and FELIX facilities was performed according to the original project plan. 
Work at the TUe was adapted to a later start of the envisaged Laser Induced Fluorescence work 
due to unavailability of a PhD candidate by introduction of the Quantum Cascade work. 
 
Important and valuable progress has been made on the understanding of (microwave) plasma dis-
charges, particularly running on CO2, but also more generally running on molecular gases. Main 
aspect is the intrinsic difficulty to access the non-equilibrium due to increased electron energies 
that are caused by dissociative recombination. This is exactly the process that was recognized for 
the first time in the original project proposal and that forms the core of the scientific basis of the 
project. It now turns out to be even more important, already at more moderate operational condi-
tions than originally anticipated. If the proposed remedy, i.e. the alkali seeding, turns out to miti-
gate the thermal aspects, the present work will surely have large impact in the field. 
 
Future 
The following three main points will be addressed in the coming year: 
- Discharge conditions will be tailored to the requirements for successful FELIX experiments; 
- Alkali seeding will be commissioned and characterized; 
- Laser Induced Fluorescence work will commence when the PhD student at TUe will start in 

September 2015, possibly the posdoc starting per June 1st 2015 at DIFFER will already start 
preparations for this work. 

 
13CO19 - Earth abundant materials based monolithic photovoltaic-photoelectrochemical device 
toward 15% solar-to-hydrogen conversion efficiencies 
In the APPEL project important advances have been made in the development of photoelectro-
chemical (PEC) and photovoltaic (PV) junctions based on earth abundant materials to realize a 
monolithic PV-PEC devices toward 15% solar-to-hydrogen (STH) conversion efficiencies:  
1) A monolithic p-i amorphous silicon carbide (a-SiC:H) photoelectrochemical (PEC) cathode inte-

grated with a hydrogenated amorphous silicon (a-Si:H)/nano-crystalline silicon (nc-Si:H) dou-
ble photovoltaic (PV) junction was developed. The a-SiC:H photocathode used no hydrogen-
evolution catalyst and the integration of PV-junctions increased the current density from 0.8 
mA cm−2 up to 5.1 mA cm−2 at 0 V versus the reversible hydrogen electrode. The high current 
density was obtained using gradient boron doping. 

2) The performance of the a-SiC:H photocathode was further improved by depositing a thin n-
type TiO2 layer on the surface, effectively making a p-i-n photocathode. The n-type TiO2 intro-
duces a front surface field that efficiently drives the electrons to produce hydrogen at the sur-
face. In addition, to overcome the poor catalytic efficiency of TiO2, a Ni-Mo electrocatalyst was 
deposited on the surface of the TiO2 layer to speed up the hydrogen evolution reaction rate. The 
resulting total structure p-i a-SiC:H/n-TiO2/Ni-Mo based on solely cheap and earth abundant 
materials improved the state-of-the-art for p-i a-SiC:H photocathodes in two significant ways: (i) 
the photocurrent density at 0V vs. RHE was improved from 0.8 mAcm-2 to 8.3 mAcm-2, and (ii) 
the photocurrent on-set potential was increased to 0.8 V vs. RHE.  

3) Unique and novel hybrid PV multi-junctions based on c-Si wafer heterojunctions solar cells and 
thin-film nc-Si:H solar cells have been developed, delivering high operating voltages (>1 V) and 
current densities (> 11 mAcm-2). These multi-junctions will power a-SiC:H photocathodes in a 
monolithic integrated PV-PEC devices. It is expected that the APPEL project will soon demon-
strate STH conversion efficiencies above 10%. 
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13CO23 - Direct production of fuels from captured CO2 
This project commenced in 2014 with the appointment of two PhD candidate students: Guido 
Giammaria (Twente University, August 2014) and Tesfaye Belete (DIFFER, October 2014). Initial 
work has focussed on the building and commissioning of suitable experimental setups in order to 
undertake the work outlined in the proposal. At DIFFER this has involved the construction of a 
differentially pumped vacuum system for the in-situ monitoring of plasma-exposed calcium car-
bonate exposures. At Twente work has focussed on the development of a fixed-bed DBD-plasma-
catalytic reactor setup with down-stream monitoring of reaction products. The equipment is 
designed for transient operation as decomposition of calcium carbonate implies batchwise opera-
tion. 
The work in 2014 lays the foundation for the commencement of active research which will take 
place in 2015. In the case of DIFFER, 2015 will see an interruption in active research during the 
summer as a result of the relocation of the laboratory from Nieuwegein to a new building on the 
campus of the technical university of Eindhoven. In order to minimize the disruption associated 
with this relocation, it is anticipated that the operational down-time can be used to modify and 
prepare other available ultra-high vacuum setups for use in the realization of the project work 
programme. At Twente, the equipment has been realised and the first experiments are currently 
(May 2015) being performed. 
 
13CO24 - Surface reactivity of activated CO2 
This project commenced in 2014 with the appointment of a PhD candidate student, Richard van 
Lent at Leiden University (May 2014) and a Post-doc, Anton Walsh at DIFFER (February 2014). 
Work in 2014 has been preparative in nature. It has primarily consisted of preparing necessary 
redesigns of experimental equipment in order to allow work involving activated CO2 beams and 
with the evaluation and ordering of the dedicated laser system. The official order for the Argos 
system (Lockheed Martin) was placed, and delivery is anticipated in early 2015. Early 2015 will 
also the delivery and construction of the components of the redesign plasma beamline that will be 
used in conjunction with the experimental setup at DIFFER. 
Richard van Lent has developed the RAIRS capability to study intermediates of the CO2 reaction 
mechanism for curved surfaces. 
 
13CO26 - Computer-aided design of iron-sulfide nanocatalysts for the solar-driver conversion of 
CO2 to fuels 
The main objective of the collaborative project 13-CO26 is to evaluate and optimize the photoelec-
trochemical properties of earth abundant iron sulphides towards photocatalytic production of 
fuels from cheap and abundant feedstock (H2O, CO2) based on a combined theoretical and experi-
mental approach. The aim of this project is to design, develop, synthesize and characterize a range 
of well-defined iron sulphides, that can be used as photoelectrodes for the activation and con-
trolled conversion of CO2. The project will yield a number of feasible ways to prepare multilayer 
photoelectrodes consisting of photo-absorbing layer (Fe-S, and other transitional metal sulphides), 
electrocatalyst layers (Fe-O or transition element sulphides) as well as protection layers. Within the 
first four month after the first position has been filled, progress has been made towards fabrication 
and characterization of the targeted material systems. 
 
Materials preparation and characterization 
A home-build thermal CVD system for the in-situ growth of sulphide films has been established in 
the group FOM-E-33. The setup was intended for the preparation of highly crystalline, defect free 
and thickness controlled sulphide films. Besides, conventional sulfurization, doping and the con-
struction of heterojunction or p-n junction can also be realized with the system. As a first system, 
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we successfully prepared iron pyrite (FeS2) films by sulfurization of sputtered iron (100 nm) on 
highly conductive silicon wafers under sulphur vapour pressure. Scanning electron microscopy 
was applied to show that the optimal sulfurization temperature was 500 °C to obtain dense pyrite 
films with high crystallinity. Lower or higher sulfurization temperature either led to low crystal-
linity or decomposition of the films. EDX and XPS analysis showed that the produced films were 
stoichiometric FeS2. Low-temperature photoluminescence spectroscopy as well as Raman spectros-
copy and grazing incidence XRD measurements were applied to confirm the phase purity of the 
as-obtained pyrite films. 
 
A more advanced CVD system, which can realize the co-deposition of multiple sulphide layers, 
including Argon glove-box handling, is planned for 2015.  
 
Theoretical modeling of Fe-S based systems 
The computational work of FOM-U-44 has started with the determination of the correct proce-
dures to model the transition metal sulphide systems, in particular pyrite. Pure DFT is notoriously 
deficient in describing transition metal systems properly and we therefore needed to decide on the 
best approach to ensure the correct description of the structural and electronic properties of the 
material, in particular the band gap. A range of test calculations has suggested a suitable value for 
the energy penalty (U parameter) to localize the d-electrons of the iron atoms, which reproduced 
both the lattice parameters and the pyrite band gap within an acceptable accuracy. 
 
Preliminary calculations have begun on the effect of dopant ions, substituting for ion in the pyrite 
material, on the band gap of the pyrite bulk material. The next phase of the project will evaluate 
the effect of surface doping on the band gap, not only by cations substituting for Fe, but also by 
oxygen, substituting for sulphide. Simultaneously, we will investigate sulphur doping into the 
iron oxide hematite. Both strands will help interpret the experimental results.  
 
Advanced spectroscopic characterization 
The activities at FOM-U-43 included the installation and testing of the new transient absorption 
spectroscopy setup for monitoring the charge carrier dynamics of nanostructured thins film photo-
electrodes in the ns – s time window. This setup has now been installed and the first results have 
been obtained for various hematite (Fe2O3) and pyrite (FeS2) photoelectrodes.  
 
 
2. ADDED VALUE OF THE PROGRAMME 
13CO-TT - Tenure Track Positions DIFFER  
M. Tsampas 
Networking with groups in the Netherlands and UK has resulted in agreement for cooperation in 
nanostructuring the photoelectrocatalytic phase and also for solid alkaline polymeric electrolytes. 
 
13CO09 - Towards efficient low-temperature CO2 electrolysis 
No specific comments – too early to say. However, the project does lead to more interactions 
between molecular and heterogeneous electrocatalysis. 
 
13CO12 - Photocatalytic silicon microwire membranes efficient tools for water splitting devices 
The coherence and collaboration between the groups is very high. Joint work meetings are being 
held biweekly, and a larger team of solar energy-related researchers at UT meets monthly to dis-
cuss progress, new developments and collaborations. 
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13CO12-1 
In Westerik's project specifically, collaborations have been set-up with the Photocatalytic Systems 
group of Guido Mul (hematite photocatalysts) and the Soft matter, Fluidics & Interfaces group of 
Rob Lammertink (hydroxide exchange membranes), both at UT. 
 
13CO12-2 
In this project specifically, several new collaborations have been founded as well. With the group 
of Ruud Schropp (TUE) and PhD student Pim Veldhuizen, stacks of crystalline Si and amorphous 
Si are being grown. With Dr. Roald Tiggelaar (UT), the test membranes with variable hole spacings 
are being fabricated in order to establish the lengthscale of proton gradient build-up. With Tom 
Aarnink (UT), the ALD process of alumina has been developed and applied to 3D silicon 
micropillar arrays. 
 
13CO16 - Plasma chemistry at work: efficient plasma-assisted fuel conversion through control 
of vibrational excitation 
The two campaigns at the FELIX facilities, in which all proponents, project personnel and other 
colleagues participated (in total 8 people contributed to the work) are a proof of the excellent col-
laboration within the project. Now DIFFER has moved to the TUe side, CO2 plasma dissociation 
work discussions will be organised jointly between DIFFER and TUe. 
 
An additional collaboration that has been set up within the framework of the present project con-
cerns modelling activities at Antwerp University (A. Bogaerts). Their PhD student, Antonin 
Berthelot, is evaluating the plasma dynamics by numerical simulations and participated in the 
experimental campaigns at FELIX. 
 
13CO19 - Earth abundant materials based monolithic photovoltaic-photoelectrochemical device 
toward 15% solar-to-hydrogen conversion efficiencies 
Under supervision of PhD Paula Perez Rodriguez and Arno Smets a MSc-thesis student has 
started a project focussed on using PV-PEC devices for water-purification in collaboration with the 
Department of Water Management (CiTG faculty) at Delft University of Technology. 
 
13CO23 - Direct production of fuels from captured CO2 
The kick-off meeting of the project partners was held on the 14th of November 2014. Even though 
the project is still at a very early stage there is a good synergy between the competences of the two 
groups that should bear fruit as the project proceeds. 
 
13CO24 - Surface reactivity of activated CO2 
Regular project meetings have taken place over the course of 2014. This has been supplemented by 
regular visits by the PhD and Post-doc to the partner site (see Personnel section). In 2015 it is 
anticipated that Anton Walsh will spend a greater amount of time at Leiden University in order to 
assist with the commission of the Argos laser system and the associated optical pathways. This 
will also allow for a continuation of active research during a period of shut-down that will be 
imposed by the planned relocation of the DIFFER laboratory from Nieuwegein to Eindhoven in 
2015. The shut-down is anticipated to last at least 3 months. It is subsequently anticipated that 
Richard van Lent will be able to avail of the facilities at DIFFER to continue active research during 
a shut-down of the Leiden equipment in 2016 while it is relocated to a new building. 
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13CO26 - Computer-aided design of iron-sulfide nanocatalysts for the solar-driver conversion of 
CO2 to fuels 
The programme stimulates collaboration between the three partner groups. During regular project 
meetings, progress and future experiments are discussed.  
 
 
3. PERSONNEL 
13CO-TT - Tenure Track Positions DIFFER  
A. Bieberle 
New personnel: Rochan Sinha (PhD, Nov. 2014). Xueqing Zhang (Post Doc, starts Feb. 2015). 
Several proposals submitted with request for new positions 
M. Tsampas 
A postdoc position was advertised and an interview process was followed for the selection of the 
appropriate candidate. The most prominent postdoc researcher was defined and he will start his 
contract in 2015.  
 
13CO09 - Towards efficient low-temperature CO2 electrolysis 
Good progress. 
 
13CO12 - Photocatalytic silicon microwire membranes efficient tools for water splitting devices 
The project has two PhD student positions, both of which have been filled. No further changes are 
expected. 
 
13CO16 - Plasma chemistry at work: efficient plasma-assisted fuel conversion through control 
of vibrational excitation 
The DIFFER PhD position has been filled by January 1st 2014, which ensured a swift start of the 
project. His project is running according to schedule. The TUe PhD position will be filled by 
September of this year. The postdoc position at DIFFER is filled by June 1st of this year, which is as 
was anticipated in the original project proposal (the postdoc would start as preparatory 
experiments were concluded). 
 
13CO19 - Earth abundant materials based monolithic photovoltaic-photoelectrochemical device 
toward 15% solar-to-hydrogen conversion efficiencies 
May 26th 2014: Paula Perez Rodriguez has started as the first PhD student on the APPEL project. 
2nd PhD student will start in February 2015. 
 
13CO23 - Direct production of fuels from captured CO2 
The appointment of the two PhD students marked the commencement of active research on the 
project. Naturally at this early stage, a significant part of the students’ time has been spend 
becoming familiar with the background materials related to the project and with their functions 
and obligations as PhD students at the respective institutions. 
 
13CO24 - Surface reactivity of activated CO2 
There is good working contact between the PhD and Postdoc. Roughly once a week, one or the 
other of the two has been present at the partner institution. This facilitates exchange and ensures 
familiarity with the respective experimental setups. Although only starting as a PhD candidate, 
Richard van Lent has prior experience with the ultra-high vacuum setups at Leiden. Anton Walsh 
has a background in optical techniques that will be immensely valuable in realising the laser con-
figuration for selective activation of CO2. 
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13CO26 - Computer-aided design of iron-sulfide nanocatalysts for the solar-driver conversion of 
CO2 to fuels 
In 2014, the PhD (FOM-E33, 13-CO26-3) position has been filled by Longfei Wu effective 01-09-
2014. The postdoc position (FOM-U-44, 13-CO26-2) has been filled by Nelson Y. Dzade effective 
01-10-2014. 
 
 
4. PUBLICATIONS 
M. Tsampas 
- M. Alves Fortunato, A. Princivalle, C. Capdeillayre, N. Petigny, C. Tardivat, C. Guizard, 

M.N. Tsampas, F.M. Sapountzi, P. Vernoux, 'Role of lattice oxygen in the propane combustion 
over Pt/Yttria-Stabilized Zirconia. Isotopic studies', Topics in Catalysis, 57, 1277-1286 (2014). 

- M.N. Tsampas, F.M. Sapountzi, A. Boréave, P. Vernoux, 'Investigation of the Electrochemical 
Promotion of Catalysis origins on electrochemical catalysts with oxygen ion conductive sup-
ports: Isotopical labeling mechanistic studies', Solid State Ionics, 262, 257-261 (2014). 

- E. Obeid, M.N. Tsampas, S. Jonet, A. Boréave, L. Burel, M.C. Steil, G. Blanchard, K. Pajot, 
P. Vernoux, 'Isothermal catalytic oxidation of diesel soot on Yttria-Stabilized Zirconia', Solid 
State Ionics, 262, 253-256 (2014). 

- E. Obeid, L. Lizarraga, M.N. Tsampas, A. Cordier, A. Boréave, M.C. Steil and P. Vernoux, 'Ioni-
cally conducting ceramics for soot oxidation: Mechanistic study with 18O2 isotopic exchange', 
Journal of Catalysis, 309, 87-96 (2014). 

 
13CO12-1 
- No publications have been submitted so far. The first publication expected is the multijunction 

silicon pillar PV element (but only after a patentability check). 
 
13CO12-2 
- No publications have been submitted so far. A first one (on anti-reflection coatings on Si pillar 

arrays) is in progress. 
 
13CO23 
- There were no publications associated with this project in 2014. 
 
13CO24 
- There were no publications associated with this project in 2014. 
 
13CO26 
- There were no publications associated with this project in 2014. 
 
 
5. VALORISATION AND OUTREACH 
13CO-TT - Tenure Track Positions DIFFER  
A. Bieberle 
- Several oral presentations and posters at international conferences. 
- Interview for DIFFER annual report, p. 18 
- Interview for FOM annual report, p.39 
- Videoclip FOM 'What physicists do with light', 

https://www.youtube.com/watch?v=Rg05KVCqI2I  
 

https://www.youtube.com/watch?v=Rg05KVCqI2I
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13CO09 - Towards efficient low-temperature CO2 electrolysis 
None yet. 
 
13CO12 - Photocatalytic silicon microwire membranes efficient tools for water splitting devices 
The collaborators are considering jointly patenting of the membrane concept. This will become 
clear as soon as the guidelines for proton conduction have been established firmly. 
Possibly also a patent on the fabrication of multijunction pillars is feasible, the ideas for this device 
are generated in conjunction with Erwin Berenschot, technician in Gardeniers' group.  
PhD student Pieter Westerik is involved in several other promotion activities at open days at UT. 
PhD student Wouter Vijselaar is very active in promotion activities to secondary school pupils. He 
has supervised a 3-afternoons microfabrication lab class for 2VWO pupils, and is involved in 
several other promotion activities at open days. 
 
13CO16 - Plasma chemistry at work: efficient plasma-assisted fuel conversion through control 
of vibrational excitation 
N.a. 
 
13CO19 - Earth abundant materials based monolithic photovoltaic-photoelectrochemical device 
toward 15% solar-to-hydrogen conversion efficiencies 
1) MSc-student Zaid Thanawala has won the Shell Bachelor Master Award for his Master thesis on 

hybrid wafer-thin film solar cells for efficient solar to hydrogen conversion he performed within 
the APPEL project. In addition he won the public price as well: 
http://www.tudelft.nl/en/current/latest-news/article/detail/zaid-thanawala-tu-delft-winnaar-
shell-bachelor-master-prijs/ 

2) 'Beter dan de natuur', Delta (onafhankelijk magazine TUDelft) nr. 10, 27 januari (2014). 
http://delta.tudelft.nl/artikel/beter-dan-de-natuur/27734 

 
13CO23 - Direct production of fuels from captured CO2 
There were no valorisation or outreach efforts associated with this project in 2014. 
 
13CO24 - Surface reactivity of activated CO2 
Anton Walsh participated in the DIFFER open day, explaining the scientific efforts of the Solar 
Fuels department at DIFFER to the general public. 
 
13CO26 - Computer-aided design of iron-sulfide nanocatalysts for the solar-driver conversion of 
CO2 to fuels 
There were no valorisation or outreach efforts associated with this project in 2014. 
 
 
6. VACANCIES 
13CO-TT - Tenure Track Positions DIFFER  
A. Bieberle 
No vacancies. 
M. Tsampas 
The hiring of a PhD candidate is under development and the position will be released in 2015. 
 
13CO09 - Towards efficient low-temperature CO2 electrolysis 
None. 
 

http://www.tudelft.nl/en/current/latest-news/article/detail/zaid-thanawala-tu-delft-winnaar-shell-bachelor-master-prijs/
http://www.tudelft.nl/en/current/latest-news/article/detail/zaid-thanawala-tu-delft-winnaar-shell-bachelor-master-prijs/
http://delta.tudelft.nl/artikel/beter-dan-de-natuur/27734
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13CO12 - Photocatalytic silicon microwire membranes efficient tools for water splitting devices 
No vacancies. 
 
13CO16 - Plasma chemistry at work: efficient plasma-assisted fuel conversion through control 
of vibrational excitation 
N.a. 
 
13CO19 - Earth abundant materials based monolithic photovoltaic-photoelectrochemical device 
toward 15% solar-to-hydrogen conversion efficiencies 
No vacancies. 
 
13CO23 - Direct production of fuels from captured CO2 
No vacancies. 
 
13CO24 - Surface reactivity of activated CO2 
No vacancies. 
 
13CO26 - Computer-aided design of iron-sulfide nanocatalysts for the solar-driver conversion of 
CO2 to fuels 
Currently, there is still one open vacancy for the post-doc position at Dr. Barroso’s group (FOM-U-
43, 13-CO26-1). Applications are currently being accepted and it is expected that this position will 
be filled by September 2015. 
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Fact sheet as of 1 January 2015 

 FOM - 14.0008/1 
 datum: 01-01-2015 
 
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 FOM 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. 
 
Funding 
salarispeil cao per 01-07-2012 
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a. Via BUW 

bedragen in k€  < 2014 2015 2016 2017 2018 2019 ≥ 2020 Totaal 

FOM-basisexploitatie 200 200 200 200 200 - - 1.000 

FOM-basisinvesteringen - - - - - - - - 
Doelsubsidies NWO 
- NWO-AB 1) 

- NWO-CW 

 
1.000 
1.000 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
1.000 
1.000 

Doelsubsidies derden 
- Shell 

 
500 

 
500 

 
500 

 
500 

 
- 

 
- 

 
- 

 
2.000 

Totaal 2) 2.700 700 700 700 200 - - 5.000 
 
b. Via DIFFER 

bedragen in k€  < 2014 2015 2016 2017 2018 2019 ≥ 2020 Totaal 

FOM-basisexploitatie 200 200 200 200 200 - - 1.000 

FOM-basisinvesteringen - - - - - - - - 
Doelsubsidies NWO 
- NWO-AB 

- NWO-CW 

 
- 

1.000 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 

1.000 
Doelsubsidies derden 
- Shell 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

Totaal 2) 1.200 200 200 200 200 - - 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 (FOM IPP i32, CSER-PhD); 
- contribute to the NWO theme 'Duurzame Energie' through the programmes 'Uncertainty reduc-

tion 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-univer-
sity research institutes, mostly through tenure track positions (FOM programme 145, CSER-
KIF). 

 
 JM par. HOZB 
Subgebied: 100% COMOP  
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2014 - 2.4 5.7 . 689 

 

Output PhD theses refereed publications other publications & pre-
sentations 

patents 

2014 - 4 2 - 

* After closing the financial year. 
 
 
PhD defences 
2014 
None. 

 

 
 
Patents (new/changes) 
2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-58 

Leader Prof.dr. M. Zeman 
Organisation Delft University of Technology 
Project leader Dr.ir. A.H.M. Smets 
Programme CO2-neutral fuels 

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-33 

Leader Dr. J.P. Hofmann 
Organisation Eindhoven University of Technology 
Project leader Dr. J.P. Hofmann 
Programme CO2-neutral fuels 

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

 
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 
Programme CO2-neutral fuels 
Project (title + number) Towards efficient low-temperature CO2 electrolysis (13CO09) 
 
FOM employees on this project 
Name  Position Start date End date 
A.J. Gotte WP/T 15 September 2014 14 September 2015 
M. van der Plas PhD 22 April 2014 21 April 2018 
  



 
 
 

 
 
 - 22 - 
 

 
Leader Prof.dr. M.T.M. Koper 
Organisation Leiden University 
Project leader Dr. L. Juurlink 
Programme CO2-neutral fuels 
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 
Programme CO2-neutral fuels 

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 
Programme CO2-neutral fuels 

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

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

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 
Programme CO2-neutral fuels 
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 2017 
M. Tsampas WP/T 1 July 2014 30 June 2016 
R. Sinha PhD 3 November 2014 2 November 2018 
 
 
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 
Programme CO2-neutral fuels 

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 
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Group Gleeson I 

Organisation FOM Institute DIFFER 
Project leader Dr. M.A. Gleeson 
Programme CO2-neutral fuels 
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 
Programme CO2-neutral fuels 
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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