
 
 
 

  

FOM - 16.0178 
 
 
 
 
 
 

 
 
 

Annual report 2015 
 

FOM programme nr. 155 
'Photosynthesis of nanomaterials: developing nanostructured 

photocatalysts for solar fuel generation using light' 
 
 

Foundation for Fundamental Research on Matter 
www.fom.nl 

 

 
Integrating sphere microscopy setup for single nanoparticle optoelectronics characterization. 

 
May 2016 

 



 
 
 

 
 
 - 2 - 
 

Content 

 
1. Scientific results 2015 ................................................................................................................................ 3 

2. Added value of the programme .............................................................................................................. 4 

3. Personnel .................................................................................................................................................... 5 

4. Publications ................................................................................................................................................ 5 

5. Valorisation and outreach ........................................................................................................................ 5 

6. Vacancies .................................................................................................................................................... 5 

Fact sheet as of 1 January 2016 ...................................................................................................................... 6 

Historical overview of input and output .................................................................................................... 8 

PhD defences ................................................................................................................................................... 8 

Patents (new/changes) .................................................................................................................................. 8 

Overview of projects and personnel ............................................................................................................ 9 

Group Baldi ..................................................................................................................................................... 9 

Group Garnett ................................................................................................................................................. 9 

 
 
 
 
  



 
 
 

 
 
 - 3 - 
 

1. Scientific results 2015 
The Photosynthesis of Nanomaterials programme launched in 2015 with the hiring of two PhD 
students (1 at DIFFER, 1 AMOLF) in the last quarter of 2015 and one postdoc in the first quarter of 
2016 (AMOLF). Therefore, the scientific results are so far limited to preliminary training (chemical 
and laser safety, optical/electron microscopy, etc.), literature review, experimental design and 
building experimental setups. 
 
At AMOLF, the base nanostructures needed for hierarchical photosynthesis of nanomaterials (e.g. 
shape-controlled plasmonic nanoparticles and semiconducting nanowire resonators) have already 
been synthesized or fabricated using several approaches. These include: isolated gold nanotrian-
gles made by solution synthesis; arrays of gold nanotriangles made both by nanosphere lithogra-
phy and electron-beam lithography; arrays of vertical silicon nanowires made by nanosphere 
lithography and vapor-phase synthesis (Figure 1). The different approaches have distinct 
advantages: bottom-up synthetic methods give monocrystalline materials with ultrasmooth sur-

faces while top-down methods 
provide the fine control over posi-
tion needed for collective (array) 
resonance effects. The gold 
nanotriangles and silicon 
nanowires were chosen because 
optical simulations show that by 
changing polarization and/or 
wavelength the position of optical 
hot spots in individual units can be 
radically altered. Therefore polari-
zation and wavelength provide 
two simple control parameters that 

can enable spatially selective hierarchical photosynthesized nanomaterials. Additionally, both of 
these materials also can be fabricated with top-down methods in arrays that allow us to investigate 
resonance coupling between individual nanoparticles/wires that can lead to interesting collective 
effects. In terms of characterization, we already have a laser spectroscopy setup that has been used 
to investigate wavelength- and polarization-dependent absorption of individual nanowires for 
another project that is being used to verify the optical properties of individual chemically synthe-
sized nanostructures. This setup can also be used for the photosynthesis experiments, though the 
laser power may be too low to induce secondary deposition. For this reason, we have also coupled 
two higher power diode lasers (green and red) into an optical microscope for wavelength-selective 
photosynthesis experiments. A small cell has also been constructed to allow for preliminary inves-
tigations of hierarchical photosynthesis under broadband illumination (solar simulator). The high 
power illumination system described in the original proposal is still under consideration but 
construction will not begin until these preliminary experiments are finished, as they will provide 
better guidelines for the required system specifications (e.g. power, wavelength range). 
  

Figure 1. Au nanotriangle arrays made by nanosphere lithography 
(left) and an isolated Au nanotriangle synthesized in solution (right). 
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At DIFFER, a fully equipped laboratory for the wet chemical synthesis of nanomaterials has been 
built. Noble metal nanoparticles of 
varying sizes and aspect ratios have 
been synthesized and characterized 
optically and structurally, using UV-
Vis-NIR spectroscopy and scanning 
electron microscopy, respectively. 
Furthermore, a novel optochemical 
reactor for the light-induced synthesis 
of hierarhcical nanomaterials is being 
completed. The setup allows coupling 
a tunable laser to a cuvette that is 
temperature controlled in the -30 – 
110 °C range. The laser can span 
wavelengths between 350 and 2500 
nm with up to 1W of optical power. 
The setup also allows for the 
simultaneous monitoring of the UV-
Vis-NIR spectrum of the solution to 
optically follow the evolution of the 

synthetic products (Figure 2). Analytical calculations of the optical absorption cross sections and 
photothermal temperature gradients of selected nanoparticles have been performed and the most 
promising nanoparticles have been synthesized. Recently, we opened a Master Thesis position for 
the numerical simulation of photothermal effects in a variety of plasmonic nanostructures, using 
software for finite difference time domain calculations and heat-flow numerical solvers. From a 
synthetic perspective, we are optimizing the chemical parameters (precursor concentrations, addi-
tion rates, optical power, ...) for the light-induced synthesis of core@shell metal@metal-oxide 
nanoparticles and the first nanomaterial photosynthesis attepts are planned for the month of April, 
when the optochemical reactor will be ready. Finally, we started gathering quotes from various 
optical microscope manufacturers, to assemble the single-particle setup mentioned in the proposal. 
 
2. Added value of the programme 
The programme already involves strong collaboration between AMOLF and DIFFER. Baldi and 
Garnett have met every few weeks since the first employees were hired to discuss progress of each 
project and to coordinate efforts to ensure complimentary facilities and research. This frequent 
contact between AMOLF and DIFFER has also led to the recognition that there are opportunities 
for a much more extensive collaboration involving optical resonances not only for photosynthesis 
of nanomaterials but also for photocatalysis. Therefore, Baldi coordinated the submission of a 
FOM Vrij-programma application on March 1st (Resonant Nanophotonics for Catalysis) that com-
bines expertise in nanophotonics, nanomaterial synthesis and (photo)catalysis. In addition to Baldi 
and Garnett this consortium includes Jaime Gómez-Rivas (DIFFER), Mihalis Tsampas (DIFFER), 
Anja Bieberle-Hütter (DIFFER), Esther Alarcón-Lladó (AMOLF), Bruno Ehrler (AMOLF), Petra de 
Jongh (Utrecht University), Alfons van Blaaderen (Utrecht University), Joerg Meyer (Leiden Uni-
versity), Geert Jan Kroes (Leiden University), and Bert Koopmans (TU/e). There is incredible syn-
ergy between the two programmes: any rationally designed and ordered hierarchical nanomateri-
als synthesized in the current programme can be used directly for photocatalytic experiments. 
Nanophotonic resonances are crucial to both, so characterization and understanding gained from 
this programme will directly benefit the other, while the other will provide a direct application for 
the materials synthesized here. 
 

Figure 2. Schematic of novel experimental setup for investigating 
the photosynthesis of hierarchical nanomaterials in situ.  
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3. Personnel 
As of 15 January 2016, all the personnel positions intended for the start of the programme have 
been filled: 
Jenny Kontoleta – PhD, AMOLF 
Matteo Parente - PhD, DIFFER 
Lai-Hung Lai – postdoc, AMOLF 
There is still one open postdoc position at AMOLF that is planned to start in the coming 1-2 years, 
depending on project progress. The intent is to ensure a small overlap between the two postdocs to 
improve knowledge transfer and continuity over a the full period of the programme. One more 
PhD student, hired by Baldi at DIFFER with his own startup grant, is currently collaborating to the 
project, both in terms of nanomaterials synthesis and of the design and assembly of the optochemi-
cal reactor. The PhD students who have been hired for the programme have already made good 
progress in a short time coming up to speed with literature in the field as well as getting involved 
with chemical synthesis and building equipment. This makes us confident that they are on track 
for a successful PhD. In just a few months, the postdoc hire has already exceeded expectations and 
is clearly an outstanding researcher and mentor, working successfully together with the PhD stu-
dent at AMOLF.  
 
4. Publications 
As the programme has only just begun, it has not yet led to any publications. 
 
5. Valorisation and outreach 
Jenny Kontoleta (AMOLF PhD) participated in AMOLF's 'opendag' in 2015 to help present a 
demonstration on the different types of solar energy conversion devices.  
 
6. Vacancies 
Although there is still one postdoc vacancy at AMOLF, the intended start date is 1-2 years from 
now, so no add has been posted yet. 
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Fact sheet as of 1 January 2016 

 FOM - 14.1145/2 
 datum: 01-1-2016 
 
 
APPROVED FOM PROGRAMME  
 
Number  155. 
  
Title (code)  Photosynthesis of nanomaterials: developing nanostructured 

photocatalysts for solar fuel generation using light (PHNA) 
  
Executive organisational unit BUW 
  
Programme management Dr. E.C. Garnett 
  
Duration 2014-2019 
  
Cost estimate M€ 1.5 
  
Concise programme description 
a. Objectives 
This programme will use nanophotonic resonances to precisely control where and how light is 
absorbed within nanostructures in solution. This will allow us to: 
(1) understand spatially-resolved photocarrier generation, heating and interfacial transfer; (2) drive 
chemical reactions at specific surface sites using both photocarriers and optical heating; and (3) 
synthesize complex, hierarchical nanomaterial photocatalysts with improved efficiency for solar 
fuels conversion reactions.  

b. Background, relevance and implementation 
There is an urgent need to move the world's energy system away from fossil fuels and towards 
renewable resources. Although photovoltaics and wind power could act as a source of clean 
electricity, 86 percent of the world's energy usage involves a chemical fuel (e.g. via combustion for 
heating or transportation). Therefore, any transition to a cleaner energy source requires the 
development of renewable fuels. 
Nanomaterials suspended in solution can act as stand-alone solar reactors, where every particle 
includes different parts for light absorption, charge separation, oxidation (OEC) and reduction 
catalysis. Such a colloidal reactor scheme has represented an ideal water-splitting system (to 
produce clean hydrogen) for more than thirty years but has not yet been realized with high-
efficiency largely due to insufficient control over the synthesis of complex nanomaterials. In this 
programme, we will take advantages of optical resonances in metallic, semiconducting and hybrid 
nanomaterials to create strong nanoscale gradients in temperature, pressure and electric fields. We 
will then use these light-induced phenomena as the driving force for both the synthesis of more 
complex hierarchical nanomaterials and for better control over the fuel generation reactions 
themselves. 
The programme will be carried out by two groups: Garnett will combine his experience in 
nanoscale synthesis and solar cells with Baldi's expertise in high-resolution electron microscopy 
and in-situ characterization. Therefore, this programme connects AMOLF's light management for 
photovoltaics focus group with DIFFER's emerging photoelectrochemistry programme. 
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The ability to synthesize and assemble complex nanomaterials in solution for printing on low-cost 
substrates like plastic, opens up a new path to ultra-low cost, high performance energy conversion, 
storage and manipulation devices. Although the primary focus here is on solar fuels, we expect 
that many other applications that require precise control over light, heat and charge at the 
nanoscale could also benefit greatly from this research.  

Funding 

salarispeil cao tot 01-01-2016 
 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 209 209 209 209 206 - - 1.042 

FOM-basisinvesteringen 250 155 - - - - - 405 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 459 364 209 209 206 - - 1.447 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-14.0085 
b) Ex ante evaluation: FOM-14.0389, FOM-14.0742/D, FOM-14.0958 
c) Decision Executive Board: FOM-14.1146 
 
 
Remarks 
This programme was installed to make a connection between solar fuels research at DIFFER and 
the work on nanostructured materials in the FOM focus group for fundamental energy research 
'Light management in new photovoltaic materials' (LMPV, nr. 131) at AMOLF. 
 
This FOM Programme is part of the NWO proposition 2014 – 2015 for Dutch Top Sector Energy. 
 
This FOM programme will be subject to a midterm evaluation which will be combined with the 
midterm evaluation of the FOM focus group for fundamental energy research LMPV (nr. 131). The 
final evaluation will consist of a self-evaluation initiated by the programme leader and is foreseen 
for 2019. 
 
 
 
 
 
 
 
 
 BS par. HOZB 
 
 
Subgebied: 100% NANO 
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Historical overview of input and output 

 

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

2015 0.9 - 0.7 - 155 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2015 - 2 3 - 

* After closing the financial year. 
 
 
PhD defences 
2015 
None. 

 

 
 
Patents (new/changes) 
2015 
None. 
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Overview of projects and personnel 

 
Group Baldi 

Leader Dr. A. Baldi 
Organisation FOM Institute DIFFER 
Project leader(s)  
Project (title + number) Photosynthesis of nanomaterials DIFFER-part (14PHNA02) 
 
FOM employees on this project 
Name  Position Start date End date 
A. Baldi WP/V 1 February 2015 31 January 2017 
M. Parente PhD 1 September 2015 31 August 2019 
 
 
Group Garnett 

Leader Dr. E.C. Garnett 
Organisation FOM Institute AMOLF 
Project leader(s)  
Project (title + number) Photosynthesis of nanomaterials AMOLF-part (14PHNA01) 
 
FOM employees on this project 
Name  Position Start date End date 
E. Kontoleta PhD 7 September 2015 6 September 2019 
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