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1. Scientific results 2016 

The Photosynthesis of Nanomaterials programme launched in 2015 with the hiring of two students (1 at 
DIFFER, 1 AMOLF) in the last quarter of 2015 and one postdoc in the first quarter of 2016 (AMOLF). Therefore, 
most training and design of new experimental setups has been completed and new results are starting to 
appear that should lead to the submission of several manuscripts for publication soon. 
 
At AMOLF, the main experimental tool has been an electrochemical cell with an optical window that allows for 
simultaneous optical excitation and controlled electrochemical environment. The first design used 3 simple laser 
diodes (blue, green and red) for unfocused (or weakly focused) widefield illumination and tested photodeposi-
tion of Pt on the Au nanotriangles and vertical Si nanowires that were synthesized in the first phase of the pro-
ject (discussed in the 2015 report). We found that for both systems we could obtain controlled and spatially 

non-uniform Pt deposition over nanometer-scale length scales (Figures 1, 2). In both cases the deposition rate 
was dependent on the electrochemical potential, light intensity, and wavelength (or for a constant wavelength 

on the size/shape of the nanostructure). We also confirmed in 
both cases that the deposition position was consistent with 
optical field distributions of the underlying nanophotonic reso-
nances. This is a critical first step towards one major project 
goal: using the underlying optical resonances in nanomaterials 
for lithography-free nanopatterning and controlled hierarchical 
nanomaterial synthesis. With these promising results, our next 
step has been to identify the mechanism of local Pt deposition. 
This is important because high local electric fields (via nano-
photonic resonance light concentration) could alter chemical 
reaction rates via at least 3 distinct mechanisms: increased 
local temperature, direct photodissociation or absorption in the 
nanomaterial and subsequent electron transfer. Our hypothesis 
was that the third mechanism (absorption/electron transfer) 
would be dominant for both systems, so we designed experi-

Figure 2. Au nanotriangles with selective 
photodeposition of Pt, showing the 
importance of polarization angle. 

Figure 1. (a) The X-Y plane integrated light absorption along the Z-axis of a 1 µm long nanocone with the tip 
radius of 50 nm and tapering angle of 10o at different wavelengths. (b) Simulated spatial distribution of the 
absorbed photon in Si nanocones at different wavelengths and the experimental results of Pt nanoparticle 
deposition locations along the Z-axis of the Si nanocone. 
 



 
 
 

 
 
 - 4 - 
 

ments to try and rule out thermal or direct optical effects. The first was to check the effect of electrochemical 
potential during illumination and in the dark. We found that in a potential range where no deposition occurs in 
the dark, more reducing electrochemical potentials led to higher deposition rates. This proves that optical 
heating and direct photodissociation are not the primary mechanisms responsible for the Pt deposition. Fur-
thermore, we found that coating the nanostructures with TiO2 – a well-known electron accepting (hole blocking) 
layer – led to dramatic increases in the photodeposition rate as well as a large decrease in the dark current. 
This effect was stronger for thicker TiO2 layers, again consistent with absorption/electron transfer and incon-
sistent with optical heating or direct photodissociation. This result is not surprising for the silicon nanowires 
since absorbed photons have a relatively long lifetime in silicon (ns to ms range, depending on quality) but for 
Au it suggests that hot-electrons (with fs-ps lifetime) are responsible for the deposition. There have been 
reports of hot-electron photocatalysis but so far no definitive evidence at the single particle level. These first 
results suggest that we can effectively tackle the wide-open field of hot-electron photocatalysis. For example, 
by carefully quantifying the hot-electron yield as a function of electrochemical potential and illumination wave-
length, we may be able to use the kinetic data to map out the hot-electron energy distribution. For such studies 
we will move from the simple laser diode/broadfield illumination geometry to our single particle spectroscopy 
setup described in last year's report. This requires a new electrochemical cell that minimizes the distance 
between the optical window's front surface and the sample's surface. Such a cell has been designed and is cur-
rently being manufactured in the AMOLF workshop. 
 
At DIFFER, we have developed an opto-chemical setup for the light-induced synthesis of hierarchical nanoparti-
cles. The setup allows coupling a tunable laser into a cuvette containing a nanoparticle suspension kept at con-
stant temperature, while at the same time measuring the solution's extinction spectrum in the visible range. To 
test the effect of plasmon-induced photo-thermal heating on the rate of chemical reactions, we have developed 
a synthesis of Au@Ag core@shell nanoparticles, based on the slow reduction of Ag+ ions at the surface of Au 
nanoparticles (Figure 2).  
 

 
Figure 3. Plasmon-induced synthesis of Au@Ag core@shell nanoparticles. The growth of a Ag shell on the Au 
nanoparticles can be triggered by increasing the temperature of the solution and it can be followed optically by 
the appearance of an extinction peak around 417 nm. Irradiating a suspension of Au nanoparticles with an 
unfocused 532 nm laser beam (400 mW of optical power) leads to a shell growth rate comparable with the one 
expected for a solution kept at 55 °C. 
 
The rate of shell growth can be modulated by the solution temperature, as well as by optimising the concentra-
tion of the Ag+ ions, the BSPP ligands, and of the ascorbic acid that acts as a reducing agent. In our light-
induced experiments we show that irradiating at the Au plasmon resonance with an unfocused monochromatic 
source, induces a shell growth rate comparable with the one expected for a solution kept at 55 °C. Interes-
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tingly, in the controlled illumination conditions of the experiment we expect a negligible (< 0.02 °C) increase in 
surface temperature of the Au nanoparticles with respect to the bulk of the solvent. We must therefore attribute 
such light-induced shell growth to the collective dissipation of heat by the Au nanoparticles' plasmon reso-
nances, which lead to a macroscopic heating of the solution. This simple mechanism of plasmon-induced 
growth, which we here assess quantitatively for the first time, is likely to be responsible for the large body of 
plasmon-induced nanopoarticle syntheses reported in literature, without the need to invoke non-equilibrium 
phenomena such as the generation of hot-charge carriers.  
Experiments are currently underway to quantitatively measure the effect of laser power intensity and of the Au 
nanoparticle concentration on the reaction rate. Furthermore, a new physics Master student (UU) in our group 
is performing finite-difference time-domain (FDTD) numerical calculations of the optical and thermal properties 
of non-spherical plasmonic nanoparticles (nanorods, nanodisks, nanoparticle dimers, etc.) to search for the 
most efficient nanostructures for light-activated reactions. 
While all characterisations so far have been done in ensemble experiments, we have recently purchased two 
ZEISS microscopes for single particle studies of plasmon-activated chemistry. The microscopes, which will be 
installed at DIFFER on April 10, will allow us to perform in-situ dark-field scattering spectroscopy and super-
resolution localisation microscopy on single metal nanoparticles. A new physics Master student (TU/e) in our 
group is currently in charge of assembling these two experimental setups under the supervision of Matteo 
Parente. 
 
2. Added value of the programme 

There is great synergy between the ongoing work at AMOLF and DIFFER. Garnett and Baldi meet on a weekly 
basis to discuss progress and coordinate efforts. We have also held 2 meetings (kickoff once everyone was hir-
ing and one follow-up once everyone had some results) that include all students and postdocs working on the 
project, where each person gives a 15 minute overview of their research plans/results followed by a 20 minute 
discussion. The second meeting was especially valuable because there were enough experimental results for a 
lively discussion. We expect these meetings to become more frequent (roughly 4/year) in 2017. One concrete 
collaboration that came out of the meeting was to use the Au nanotriangle/Pt deposition reaction system from 
Garnett for one of Baldi's projects. Students have already exchanged synthesis ideas and nanomaterial sam-
ples. Furthermore, Baldi is building a new setup to use super-resolution imaging to track chemical reactions at 
the nanoscale. The setup design has benefited from AMOLF's existing knowledge in and facilities for super-
resolution microscopy and in particular from Garnett's recent publication using super-resolution microscopy to 
examine nanophotonic coupling between dipole emitters and nanowires. 
 
3. Personnel 

All personnel positions intended for the start of the programme have been filled: 
Jenny Kontoleta – PhD, AMOLF 
Matteo Parente – PhD, DIFFER 
Rifat Kamarudheen – PhD, DIFFER 
Gabi Castellanos-Gonzales, Master student, DIFFER 
Ruben Hamans, Master student, DIFFER 
Lai-Hung Lai – postdoc, AMOLF 
 
There is still one open postdoc position at AMOLF that was planned to start sometime in the middle of the pro-
gramme. As Jenny Kontoleta needs support on the project, the decision was made to immediately replace Lai-
Hung Lai to try and minimize the gap. One interview has already been conducted and an offer was given to an 
excellent candidate who will make a decision April 3rd (depending on outcome of Rubicon fellowship proposal). 
Several other promising candidates have applied and are being considered as back-up choices. 
 
The personnel have all made good progress. Jenny Kontoleta is finalizing experiments for her first publication 
(photodeposition of Pt on single Au nanotriangles via hot-electron transfer mechanism) and she will also wrap-
up work that was nearly finished for a publication by Lai-Hung Lai before he left (Pt photodeposition on Si 
nanowires via nanophotonic guided mode excitation and electron transfer). Rifat Kamarudheen is finalising 
measurement for the plasmon-induced synthesis of Au@Ag nanoparticles. Matteo Parente is finalising mea-
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surements on the use of plasmon resonances to monitor charge transfer reactions, using Ag@TiO2 core@shell 
nanoparticles under UV irradiation. In all cases we expect to submit a manuscript before the summer. 
 
4. Publications 

There were not any scientific publications in 2016.  
Rifat Kamarudheen and Matteo Parente presented their progress at the CHAINS 2016 conference in Veldhoven: 
- Rifat Kamarudheen, CHAINS 2016 Veldhoven, 'Plasmon-driven synthesis and assembly of hierarchical 

nanostructures'. 
- Matteo Parente, CHAINS 2016 Veldhoven, 'Photochemistry of metal@semiconductor core@shell nanoparti-

cles'. 
 
5. PhD defences 

None of the PhD students have graduated yet. 
 
6. Valorisation, outreach and patents 

Jenny Kontoleta participated in AMOLF's 'opendag' in 2016 to help present a demonstration on the different 
types of solar energy conversion devices. Matteo Parente and Rifat Kamarudheen participated in the DIFFER 
opendag, with a demonstration on the fundamentals of spectroscopy and on the optical properties of metal 
nanoparticles. Andrea Baldi presented, among others, results of the light-induced synthesis of nanomaterials at 
the following outreach talks: 
2016-09-16: Lecture on nanomaterials for energy applications at the Groningen 2016 PhD Day  
2016-06-13: Lecture on nanomaterials for Dutch Physics Olympiads 
2016-01-12: Lecture on nanomaterials and plasmonics at the TU/e Energy Café 
 
7. Vacancies 

There is one vacancy for a postdoc to replace Lai-Hung Lai, as discussed in section 3 (Personnel). 
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Fact sheet as of 1 January 2017 

 FOM - 14.1145/3 
 datum: 01-1-2017 
 
 
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. 
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.  
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Funding 

salarispeil cao tot 01-01-2016 

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

FOM-basisexploitatie 823 209 209 206 - - 1.447 

FOM-basisinvesteringen - - - - - - - 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 823 209 209 206 - - 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 
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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 Permanent contract 

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 

L.H. Lai WPT/T 15 January 2016 28 February 2017 
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