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Hematite has long been considered a potential candidate for photocatalytic water splitting 
because of its favourable valence band edge, reasonably low band gap, high stability and low 
cost. Unfortunately, only very poor conversion efficiencies have been achieved, which is 
generally attributed to a short minority carrier collection length. In principle, the short 
collection length can be overcome through nanostructuring the electrode. Thin films represent 
ideal model systems of nanostructured electrodes which allow for detailed mechanistic 
investigations; we therefore utilize atomic layer deposition (ALD) to make conformal thin 
film hematite electrodes with controllable thickness. Even for thin films with optimized 
dimensions, however, surface-state mediated charge recombination at the electrode-
electrolyte interface competes with the water oxidation reaction which ultimately limits the 
overall water splitting efficiency. Recent results will be presented of a series of 
photoelectrochemical and spectroscopic measurements to elucidate the identity and role of 
surface states in the water oxidation reaction. The effects of annealing and adding water 
oxidation catalysts to the hematite surface will also be presented. As a result of such 
treatments, essentially quantitative water oxidation efficiencies can be achieved. Finally, the 
promise and limitations of hematite for water splitting will briefly be discussed.   
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Co-oxides are promising water oxidation catalysts for artificial photosynthesis devices [1, 2]. 
Their structure bears similarity to the Mn4CaO5 cluster in photosystem II [3, 4]. Their 
catalytic mechanism was studied previously both experimentally and theoretically, but there is 
presently no agreement whether the O-O bond formation occurs via nucleophilic attack or by 
direct coupling, and whether or not bridging oxygen’s participate as substrate during O-O 
bond formation [5, 6]. Here we present time-resolved 18O-labelling isotope-ratio membrane-
inlet mass spectrometry experiments [7] employing the previously introduced 
Co/methylenediphosphonate (Co/M2P) system [8] in combination with [Ru(bpy)3]3+ (bpy = 
2,2’-bipyridine) as chemical oxidant. Our data demonstrate that for Co/M2P-oxide O-O bond 
formation occurs between two pre-bound, fast exchanging oxygen species, i.e. likely via 
direct coupling between two terminal water-derived oxygen ligands. Detailed modeling of the 
dependence of the O2-isotope ratios on the [Ru(bpy)3]3+ concentration revealed that in the 
Co/M2P-oxide nanoparticles almost all Co ions are catalytically active (~2.35 Co per catalytic 
site) and that, starting from a ‘resting state‘, ~3.5 electrons need to be removed from each 
catalytic site for the first O2 formation.  
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Supramolecular gels consist of solvent molecules encapsulated by a small network-forming 
organic substance referred to as the gelator or low molecular weight gelator (LMWG). The 
gelation occurs through a set of non-covalent interactions. Since the monomers are not 
covalently attached this type of gelation is reversible when heated, agitated or subjected to 
solvophilic effects. Supramolecular gels have a broad potential usage in: drug delivery, liquid 
crystals, conductive materials, heat responsive materials and chromatography. 

In our laboratory we have discovered a type of LMWG substantially different from the ones 
previously reported.  The synthesis, relies on cheap starting materials, is straightforward, 
easily diversified and mediates large-scale production.  

 

 

 

 

 

 

One-pot synthesis of organogelators. 

Provided a convenient method to introduce a broad variety of functional groups we now have 
the possibility to engineer the gel on the molecular level thus, controlling the macromolecular 
properties such as viscoelasticity and transparency.  

 

 

a) organogel supports the weight of a small beaker b), SEM picture of dried sample. 
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The lecture will discuss the need for Solar Fuels and overview the different scientific paths to 
achieve this goal. Visions and strategies in research in the Swedish Consortium for Artificial 
Photosynthesis will be covered1,2. Our research aims for the production of hydrogen from 
solar energy and water. Water shall be oxidized in a catalytic process using solar energy. The 
electrons from water shall be used in a second process to reduce protons to hydrogen. We 
apply a biomimetic approach where we copy key principles from natural enzymes that 
accomplish partial reactions. Water oxidation using solar energy is carried out by 
Photosystem II using a catalytic Mn4 complex. In our chemistry we use a photoactive Ru-
center (instead of chlorophyll) that is coupled to synthetic multinuclear manganese-
complexes. I will describe some of our research on light driven, multi-electron transfer in 
these Ru-Mn systems1. The lecture will also cover a water oxidizing catalyst based on a cobalt 
nano-particle3. This nano-particle has been linked to a photosensitizer to form a water 
splitting photosensitizer-catalyst complex4. To accomplish reduction of protons to hydrogen 
we mimic the di-iron center in hydrogenase enzymes. Some recent results on these 
biomimetic Fe-Fe complexes will be described5. 

Financial support by the Swedish Energy Agency and the Knut and Alice Wallenberg 
Foundation is gratefully acknowledged 
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Natural photosynthesis utilizes large antenna complexes for the capture of solar energy. This 
is necessary for several reasons including that the turnover rate of the charge separation 
reactions would otherwise be much lower and limited by the absorption of light. In any 
artificial solar energy device it would therefore be natural to include an antenna that should 
act as the primary absorber of solar light and efficiently transfer excitation energy to the 
“reaction centre”. Several such artificial antennas have been synthesized but as the antenna 
becomes large the synthetic demands becomes very high. Also for systematic studies of such 
antennas, organic synthesis is typically the limiting factor.  

We have materialized on the growing area of DNA nanotechnology to self-assemble artificial 
antenna systems of similar sizes as the natural light harvesting antennas.[1] Efficient energy 
transfer between intercalated chromophores shuttle excitation energy between predetermined 
in and output terminals.[2] In addition, the antenna could be coupled to a “reaction centre” 
consisting of one or more porphyrins that are able to undergo excited state redox reactions.[3] 
The pros and cons of the covalent and self-assembled approaches towards constructing a 
complete artificial photosynthetic complex will be discussed in this presentation.  

 
Figure. Self-assembled DNA-based antenna system integrated with a multifunctional porphyrin 
membrane anchor and redox centre.  
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Dynamics of electrons at work in solar energy conversion 
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Solar energy is the most abundant renewable energy source available. Conversion of light into 
electricity and chemical energy are the two major paths for solar energy conversion. 
Nanostructured organic materials are being explored for applications in photovoltaic solar 
energy conversion, as well as photocatalysis for solar fuel generation. Light harvesting, 
energy transport, charge photogeneration and recombination, charge transport are the 
elementary processes accounting for the conversion of light energy into useful charge carriers. 
We show how a combination of time resolved spectroscopy covering the time scales from 
femtoseconds to milliseconds and spectral range from the X-rays to the far infrared (THz 
frequencies) is a powerful tool to study the light induced processes and provide mechanistic 
information valuable for design of novel or optimized materials. 
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The scientific field of (compound) semiconductor nanowires got started seriously in the US 
and in Europe about 15 years ago, some ten years after the original break-through research 
conducted by Dr. Kenji Hiruma and his team at Hitachi in Japan [1]. 

Our own early work was initially very much exploratory research, testing to what extent we 
could understand, control and have fun with the ways in which nanowires nucleate and grow 
[2-3]. The whole field of nanowires saw great progress in the use of nanowires for physics 
and for fairly simple model devices [4-6]. Just in the last five, or so, years we have seen 
serious break-through in novel growth methods and the understanding of nanowire growth, as 
well as in the development of new technologies enabling efficient fabrication of nanowires for 
areas like solar cells and light-emitting diodes [7-9]. In this talk I will cover all these areas, 
with an emphasis on recent progress in controlled and efficient fabrication of nanowires for 
energy applications. 
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The development of room temperature sodium based batteries is currently a challenge in 
fundamental materials research.  While it holds promise for accelerated development thanks 
to the knowledge gained in the “chemically similar” Li-ion ubiquitous technology, the Na-ion 
technology is still in its infancy.  Proof of concept was given long ago1,2 but it is only recently 
that the topic has recaptured the attention of the scientific community concomitant to large 
scale development of the Li-ion technology and concerns about lithium cost and 
availability.3,4,5  Since Na-ion batteries do not involve the use of sodium metal anodes, there 
would be no a priori reason to think that they cannot attain the same performances than Li-ion 
if suitable positive and negative electrode materials are developed.   

The talk will review recent research aiming at the development of negative electrode materials 
discussing analogies and differences between lithium and sodium systems.6,7,8  Results will 
also be presented dealing with systematic studies on electrolytes and formulation and 
assembly/performance of laboratory full Na-ion cells.9,10  
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Driving forces behind use of alternative fuels include climate change concerns, security of 
supply and market/cost aspects. Alternative fuels have been evaluated from many different 
perspectives; such as CO2 emissions and energy efficiency WTW, production costs, energy 
systems analysis etc.   

Heavy duty vehicles include trucks, buses and construction equipment. These types of 
applications have certain requirements on what kind of fuels that can be used, e.g. range, 
required space of the fuel system and engine, service intervals, power/torque etc. A change to 
alternative fuels may require new developments and/or adaptation of vehicles, which in turn 
may increase the complexity and cost of the vehicle, e.g. by using new advanced materials. 

This presentation will give an overview of use of alternative fuels for heavy duty vehicles 
from sustainability (e.g. CO2, potential etc) and practical perspectives (e.g. vehicle features 
and fuel costs). Fuels include biodiesel, synthetic diesel, HVO, DME, methane fuels, ethanol, 
methanol. Impact on material usage will be briefly discussed. 
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To increase battery energy density beyond today’s state-of-the-art, the scope of lithium 
batteries has in recent years diversified to include a number of alternatives to the “traditional” 
Li-ion battery. Metallic lithium and conversion reactions are now intensively explored as 
substitutes for the graphitic anodes and Li+ intercalation reactions of Li-ion batteries. 

One of the most intriguing concepts for the future is the Li-O2 battery. Ideally, this battery 
combines the benefits of a non-local fuel reservoir (O2 from air) with the electropositive and 
high capacity lithium metal – a material combination that could offer a multifold increase in 
storage capacity. However, there are vast challenges to resolve before a practical Li-O2 
battery can be developed.  

Research activities are focused on identifying materials that will provide reversible 
electrochemistry, initially with pure oxygen as a fuel. A main obstacle is the poor electrolyte 
stability in the presence of the reduction products of O2. Therefore, much effort has been 
devoted to study the reactivity and decomposition mechanisms of a first generation of 
solvents for Li-O2 batteries, in particular propylene carbonate (PC).  

Computationally, DFT calculations have been used to identify decomposition mechanisms, 
and energy barriers thereof, for a variety of electrolyte solvents –to suggest alternatives [1–3]. 
Ab initio Molecular Dynamics (DFT-MD) has been implemented for more detailed studies of 
single solvent decomposition, in bulk or in the presence of a Li2O2 surface [4–6].  

Here we present results from DFT-MD simulations of the radicals O2
*– and LiO2

* in PC and 
dimethyl sulfoxide (DMSO) with the aim of identifying electrolyte properties that could be 
used to a priori address the compatibility of electrolyte solvents and oxygen reduction 
products in Li–O2 batteries. 
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Figure 1. Snapshot (left) and 
electrolyte structure, G(r) 
(right), from MD-simulations 
of Li+-O2

*. in DMSO. 
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Li-Sulfur (LiS) technology has great potential for large-scale energy storage applications due 
to the very high theoretical capacity. However, the implementation of the concept has been 
limited due to low sulphur utilization, severely decreasing the practical energy density, and 
poor cyclability in terms of fading capacity and rate capability. One major cause of these 
problems is the relatively large solubility of polysulfides (Li2Sn, n≥3) in the commonly used 
electrolyte systems. A direct consequence is the loss of active cathode material decreasing the 
capacity and at the same time increasing the resistance of the electrolyte. The dissolved 
polysulphides also cause degradation of the anode through shuttle reactions when they 
migrate in the electrolyte, forming insoluble layers on the anode surface. The materials 
problems in the LiS battery can be addressed by new concepts for both the electrolyte and the 
cathode. In this contribution we present new results from our work on new nanostructured 
cathode materials and on new electrolyte concepts involving the use of ionic liquids. 
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Metal-air batteries hold the potential to drastically surpass the specific energy of the Li-ion 
technology [1], but e.g. Li-air (Li-O2) batteries face significant challenges in terms of high 
overpotentials [2], low current densities [3] and electrolyte/electrode degradation [4]. A 
detailed atomic level understanding of the fundamental mechanisms governing the electronic 
conduction, electrode-electrolyte interface reactions and degradation is needed to resolve 
these challenges. 

Through a combination of Density Functional Theory (DFT) calculations and Differential 
Electrochemical Mass Spectroscopy (DEMS) experiments, the effect of impurities like CO2 
on the Li2O2 formation at the cathode during discharge of aprotic Li-air batteries is 
investigated. The Li2O2 growth mechanisms and overpotentials are investigated for CO2 at 
nucleation sites such as steps, kinks and terraces on the (1-100) Li2O2 surface. CO2 is found to 
bind weakly at steps and kinks on the Li2O2 surface, forming a type of lithium coordinated 
carbonate species (LinCO3); effectively reducing the discharge potential. Trace amounts of 
CO2 or SO2 can also affect the morphological growth of Li2O2, due to blocking of nucleation 
centers.  

The discharge process is also limited by poor electronic conduction through the insulating 
Li2O2 deposits [5] and the formation of Li2CO3 may worsen this problem [4]. DFT+U 
calculations on the formation and transport of hole and electron polarons in Li2O2 and Li2CO3 
are presented and a much higher mobility for hole polarons than electron polarons is found for 
both materials, but with a worse charge transport in Li2CO3 than Li2O2. 

The findings for Li-O2 will also be supported by results on the Na-O2 metal-air system. 
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A dielectric is sometimes defined as a material that does not conduct an electric current. In 
reality all dielectric materials conduct to some extent and with a conductivity that is markedly 
field dependent at fields above a few MV/m. Understanding this behaviour in order to 
maintain a low conductivity has always been an aim when dielectrics are used as thin film 
capacitors or electrets, but it has become especially important for bulk insulation with the 
move to High Voltage DC power transmission. This lecture will address the problems 
associated with understanding conduction in polymeric insulating materials, such as the origin 
of charge carriers, the way that they transport in an electric field, and the effect of the field 
magnitude on these processes. Processes proposed for field dependent injection and carrier 
transport will be described and evaluated in terms of experimental data. The role played by 
space charge in determining conduction characteristics will be outlined through reference to 
theory and experiment and the transient charge packet phenomenon described. In the course 
of the lecture it will be argued that steady state conduction is a composite of many processes 
occurring both in the dielectric and at the dielectric-electrode insulator, with the electric field 
and space charge altering their relative importance. It will also be pointed out that the 
attainment of a steady state in DC fields may not be obvious. 
  



How materials shape the future power cables 
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The electricity industry faces an increase in use and transmission of electricity. High Voltage 
power cables are transmitting this energy to places of consumption. Quite often this means 
crossing large distances of several hundreds of kilometers; even crossing the 1000 km border. 
Power cables are a key component of the electricity network and serve as its backbone. The 
requirements are tough. Reliability is key. Losses should be kept to a minimum. 
Environmental impact should be as close to zero as possible. Within the large volumes of 
polymer that are processed in the power cable factory, no flaws are allowed. Power cables 
consist of different layers all with a specific function in which material properties play an 
important  role. What are the demands as per today and how can we shape the power cable 
materials of the future? These are the topics covered by the presentation. 

  



New insulating materials for next generations of high 
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The ongoing in Sweden research activities aim to deliver new material concepts that can 
immediately be applicable in designing and manufacturing high voltage cables, for both AC 
and DC transmission systems. This task focuses on investigating possibilities provided by use 
of materials containing nano-fillers and voltage stabilizers. Variations in breakdown strength, 
electrical conductivity with temperature and composition as well as their stability during long-
term operation are investigated. The tasks involving material developments are jointly 
performed by researches from Polymer Technology groups at Chalmers and the Royal 
Institute of Technology while the electrical characterizations are done within the group of 
High Voltage Engineering at Chalmers. 

The initial project tasks are accomplished by testing the considered strategies, using small 
probe volumes. These initial studies concentrate at the present stage on (i) manufacturing of 
high quality nanofillers and modifying their surface, (ii) synthesizing suitable voltage 
stabilizing additives, (iii) developing a robust methodology for testing of electrical properties 
and (iv) preparations of various material compositions for the testing. Thereafter the research 
will direct towards the most promising fields. The presentation will report on results obtained 
so far in each of the above listed areas, specifically on the work to manufacture selected types 
of nano-fillers and voltage stabilizing agents. Gram-amounts of even complex materials are 
presently being prepared and processed into test objects that can be immediately tested with 
regard to their electrical properties. The presentation is to finally concentrate on details of the 
methodology for testing the electric withstand ability, which is chosen to be performed by 
evaluating the resistance to degradation by electrical treeing, and on results of electrical 
conductivity measurements. 
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In the present paper we discuss the role of density functional theory (DFT) in helping the 
design of new semiconducting materials for energy applications. In particular, we briefly 
discuss two examples of classical second generation photocatalysts based on doping a 
semiconducting oxide (TiO2 and WO3) with heteroatoms [1,2]. Then we discuss more in 
detail an example of third generation photocatalyst, Ce-doped ZrO2. We show that ZrO2 (a 
wide gap oxide) modified by dispersion of small concentrations of Ce4+ ions in the bulk 
becomes photosensitive to visible light [3]. This effect is due to the interplay between the 
energy levels of the main component (ZrO2) with those of the Ce cations diluted in the matrix. 
The photoactivity of the doped oxide predicted by DFT calculations is proven by Electron 
Paramagnetic Resonance (EPR) experiments that monitor the formation of both charge 
carriers (electrons and holes) and OH radicals under irradiation with visible frequencies. The 
Ce-ZrO2 system is the first example of third generation photoactive materials based on a 
double excitation through localized intra-bandgap states. 
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I will demonstrate how electron and x-ray spectroscopy can be used to address fundamental 

questions regarding the reaction mechanism and active sites of the Oxygen Reduction 

Reaction (ORR), Oxygen Evolution Reaction (OER) and Hydrogen Evolution Reaction 

(HER). We have developed in-situ XPS capabilities using a membrane assembly where either 

the anode or cathode side is exposed to a differential pumped environments where direct 

measurements of the changes in the catalyst and various reaction intermediates can be probed 

during ORR on Pt, OER on IrO2 and HER conditions for MoS2. We have also recently 

conducted high-energy resolution fluorescence detection (HERFD) studies of the Fe and Ni 

K-edges under OES conditions in the highly active Ni-Fi oxyhydroxides to determine the 

nature of the active sites. In particular we observe that Fe encounter an extremely strained 

local geometry when Ni undergoes a transformation from the 2+ to 3+ state. 

 

  



On the role of first principles calculations in heterogeneous 
catalysis 

Henrik Grönbeck 
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The increasing atomistic understanding of catalytic processes allows for knowledge based 
development of materials with superior catalytic activity and selectivity. In many cases, it is 
the close contact between in situ experiments and first principles calculations that drives this 
development. First principles calculations within the density functional theory are tody used 
to both facilitate the interpretation of different spectroscopic techniques and to predict 
catalytic performance. Taking methane oxidation over palladium (oxide) as the main example, 
the presentation will exemplify the different roles of first principles calculations. 

  



 

Materials Design – New Magnetic Nanolaminates from First 
Principles and Thin Film Synthesis 

 

Johanna Rosén 
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Controlling the flow of magnetic and charge information between increasingly smaller 
structures requires design of new magnetic materials, whose functionality is geared towards 
computing speed, storage capacity and energy saving. In this talk I will present an approach 
for materials design, based on predictions from theoretical procedures in combination with 
thin film synthesis and characterization. The approach is generic, but has here been applied to 
identify new magnetic nanolaminates, as these may provide the improved interface quality, 
thickness control, and structural quality that is critical to assure performance in applications. 
The materials in focus are so called MAX phases (M=transition metal, A= A group element, 
and X=C or N), which uniquely combine metal/ceramic properties due to the laminated 
structure. Until recently, none of the MAX phases were magnetic. Using density functional 
theory and evaluation of phase stability, we predicted new magnetic MAX phases based on 
alloying Cr2AlC, Cr2GeC, and Cr2GaC with Mn. These phases were subsequently synthesized 
as heteroepitaxial thin films, and were found to have different magnetic properties, some 
displaying a ferromagnetic signal well above room temperature. 

  



Transition Metal Ion-Chelating Ordered Mesoporous 
Carbons as Replacement for Platinum in Fuel Cell 

Catalysts 
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Polymer electrolyte membrane fuel cells (PEMFCs) are highly efficient at converting the 
chemical energy in hydrogen to electrical energy. While PEMFCs are more efficient than 
combustion engines their fabrication is expensive. This is to the largest part due to the high 
cost of the noble metal catalysts used in PEMFCs. Development of highly active catalysts of 
low cost is necessary to make the PEMFC technology competitive. Research on noble metal-
free catalysts has recently resulted in significant improvements in catalytic performance for 
transition metal-containing carbon materials.1 Despite these improvements the utilization of 
electrode layer volume of these catalysts remains relatively low, an issue which we have 
addressed by incorporating transition metal ions in nitrogen-functionalized ordered 
mesoporous carbons (OMCs).   

In this study nitrogen was incorporated in an Ia3d OMC matrix giving the material 
chelating properties for transition metal ions that allow for the formation of porphyrin-like 
active sites.2 The functionalized OMC was synthesized using a silica template, which was 
impregnated by nitrogen-containing carbon precursors and transition metal salts followed by 
polymerization and carbonization and finally acid treatment. The resulting materials were 
tested in a single cell fuel cell and found to be highly active in catalyzing the oxygen 
reduction reaction on the cathode side of the PEMFC. 
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Advanced heterogeneous bimetallic catalyst nanoparticles 
supported on nitrogen doped graphene for energy 

applications 
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Recent development in the design of advanced bi-metallic nano catalyst represents one of the 
most promising methods to achieve highly efficient and concurrently cheap catalyst materials 
for energy applications. Besides the opportunity for technical development the new 
nanomaterials however also allow the studies of fascinating physical and chemical processes 
of the nanoparticles as well as understand the role of interface interactions for catalytic 
processes, such as the oxygen reduction reaction. Here, we present our recent results on 
various bi-metallic nanocatalysts, both core-shell particles as well as other advanced 
nanocatalyst. As support for the nanocatalyst, we are using various forms of carbon 
nanostructures, such as graphene, and ordered mesoporous carbon. However, we also show 
the effect of doping such carbon nanostructures by nitrogen. Through such doping we show 
that besides opening for the possibility of having metal free catalyst for oxygen reduction, the 
presence of nitrogen also significantly changes the substrate properties. In some cases these 
changes give rise to charge transfer between catalyst nanoparticles and catalyst support which 
leads to a lowering of the ORR over potential. We discuss results both on synthesis, and 
structure but the main focus lies on the understanding of the synergy effects between the 
different metal catalysts in the bi-metallic nanoparticles, as well as synergy effects originating 
from the catalyst support. 

  



Electron Microscopy Advances in Catalysis 
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In recent years, electron microscopy has made significant progress for the study of solid 
materials at the atomic-scale. Advancements in electron optics have made single atom 
detection across the Periodic Table of Elements a reality because of extraordinary low noise 
levels. In parallel, developments of gas cells have made electron microscopy available as a 
powerful tool for in situ studies of solids during exposure to reactive gas environments of up 
to atmospheric pressure levels and several hundred degrees Celsius. It is desirable to take 
advantage of these emerging technologies in the study of catalysts to further improve the 
understanding of the dynamic behavior and functionality of catalysts at the atomic-scale. In 
this presentation, I will outline applications of these advanced imaging tools to the study of 
structure-sensitive functional behavior of catalysts, at the atomic level and in catalytically 
meaningful environments. Extraordinary benefits are illustrated by in situ studies from e.g., 
water splitting, hydrotreating and automotive emission abatement catalysis [1-10]. 
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Organic photovoltaics: a Materials Science perspective 
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In organic solar cells, the power generation process is usually divided into basic steps: light 
absorption, exciton migration, exciton splitting and charge migration to the contacts. Thanks 
to fundamental and engineering advances, the performance of organic solar cells, as measured 
by their power conversion efficiency has been steadily increasing, up to ~10% for single 
junctions and >12% for tandems. There is a broad consensus in the organic photovoltaic 
community that all the steps involved in generating photocurrent are depedent on the 
microstructure of the materials. Ultimately then the microstructure is directly coupled to the 
typical device paramers used to measure power conversion efficiency: JSC, VOC and FF. 

In this presentation I will discuss a few examples of such coupling. In particular, I will show 
that all charge generation proceeds via a ground-state charge-transfer (CT) state at the donor-
acceptor interface. The energy of this CT state is directly related to the VOC and is affected by 
molecular conformations and aggregation at the interface. Finally, I will discuss how 
crystalline disorder in the pure phases induces electronic traps, which are responsible for poor 
transport and a degradation of FF. 

Ultimately, the promise of organic electronics is the ability to design materials to perform 
predetermined functions. The example of organic photovoltaics demonstrates that this 
promise can be fulfilled only if we understand how the microstructure of these materials, as 
analyzed at several length-scales, affects their function.  

  



Organic (bio)polymers for generation and storage of solar 
electricity 
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New materials may enable a transition to an extended use of present day solar energy flux, by 
offering scalable and cheap organic materials for photovoltaic electricity generation, and by 
using scalable biopolymers for electricity storage.The global energy systems rely on stored 
solar energy in the form of fossil fuels, currently ≈80% of the supply. The flux of solar energy 
is however more than sufficient for present energy use, if properly utilized. Photovoltaic 
modules and windmills use this rather dilute solar energy to provide very intermittent 
electricity, at decreasing costs.  The spatial and temporal variations are large in this energy 
flux, and hence there is a necessity to store electricity from day to night locally. I present 
current approaches to semitransparent, printed organic solar cells based on polymer/fullerene 
blends. New organic electrodes based on lignin, the biopolymer second largest in production 
on Earth, may enable supercapacitors that store electricity from peak production to other 
times of use. 

  



Dual functionality at dye-semiconductor interfaces: toward 
increased light harvesting and multiple charge transfer 

events 
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Efficient light harvesting is one of the key functions in molecular solar energy conversion. 
Another important feature is to create long-lived charge separated states. Preferably, 
photosensitizers should meet both requirements. We have demonstrated unusually high 
extinction coefficients in the visible spectral region for Ru(II)-polypyridine compounds with a 
1,3-dithiole-2-ylidene unit incorporated with the polypyridine ligand, connected in the 3,3’-
position. Furthermore, it has been shown that despite low-lying ligand-field states the 
complexes are able to photoinject electrons into mesoporous nanocrystalline thin films of 
TiO2 with substantial injection yields. Subsequent to electron injection hole transfer could be 
promoted such that the dithiole unit is oxidized and the ruthenium center regenerated, creating 
a long-lived charge separated state. The reported results demonstrate that intraligand charge 
transfer can both contribute to enhanced extinction coefficients and promote hole transfer in 
surface-bound sensitizers, which opens up possibilities for further functionalization. This 
approach shows promise for improving light harvesting and reducing surface recombination 
in DSSCs, or for development of new types of sensitizers for photocatalytic applications. 

  



Optical in situ Spectroscopy for Energy-Related 
Nanomaterials Science 
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We have over the last years established localized surface plasmon resonance (LSPR) based 
optical spectroscopy as efficient in situ experimental tool to investigate the interactions of 
energy-related nanomaterials with their environment in the gas and the liquid phase, and both 
at the ensemble and the individual nanoparticle level. Our characterization approach allows us 
to work with well-defined nanoparticle systems in terms of their size, shape and composition 
due to the required very small amounts of sample material, and to study them in operando. In 
this presentation I will present two specific examples.  

The first one is metal-hydrogen interactions at the nanoscale. With Palladium as our model 
system of we investigate in detail the role of particle size and shape the hydride formation 
thermodynamics, with particular focus on our efforts to scrutinize these effects at the 
individual nanoparticle level [1-4]. 

As the second example, I will report on our resecent efforts in the field of  heterogeneous 
catalyst nanoparticle sintering. Employing rationally designed model systems with precise 
atom-by-atom particle size control, we demonstrate by means of combining noninvasive in 
situ indirect nanoplasmonic sensing and ex situ scanning transmission electron microscopy 
that monomodal size-selected platinum cluster catalysts on different supports exhibit 
remarkable intrinsic sintering resistance even under reaction conditions. The observed 
stability is related to suppression of Ostwald ripening by elimination of its main 
thermodynamic driving force via size-selection. This study thus constitutes a general blueprint 
for the rational design of sintering resistant catalyst systems. [5]  
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