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The CO2 emissions need to be reduced.[1] One way to achieve
this is by converting CO2 to fuel, e.g. methane,[2] or bulk
chemicals using the power of sunlight. Plasmonic
nanoparticles can efficiently collect sunlight to fuel chemical
reactions. However, via which mechanisms, thermal- or non-
thermal,[3] this proceeds is unclear.
As part of the Lumen project, we explored the use of
plasmonic particles for the synthesis of fine-chemicals.
Comparing solution-phase hydrogenation with gas-phase
hydrogenation, there is an advantage and a disadvantage.
The advantage is a better heat exchange due to the solvent
surroundings. The disadvantage that is encountered is the
limited stability of the catalyst in the solvent.

Introduction

A flow reactor is used to perform simple hydrogenation of
methyl cinnamate (Figure 1). The major product is underlined.

The used catalyst consists of Ru nanoparticles on Al2O3. It is
made by grinding down larger Al2O3 particles (50 mm) to
smaller particles (approximately 200 nm).
The used Chemtrix KiloFlow flow reactor is designed to
perform reactions in small channels with a diameter < 5 mm.
Since the channels are small, there is a good heat exchange,
which means that the temperature of the reaction can easily
be controlled. The reactor allows optimization of several
parameters (Table 1).
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The dark reaction shows a reproducible conversion and yield.
The influence of the light is not seen to significantly improve
the results, it is therefore likely that only the thermic
mechanism of the plasmonic catalyst is active. The observed
degradation of the catalyst needs further investigation and
only gives a preliminary conclusion.

Because of the partial degradation of the catalyst caused by
instability, different catalysts will be used in the continuation of
the project. These will include different carriers and active
metals of the catalyst that will be prepared by project partner
University of Hasselt.
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Parameter Conditions
Temperature 40°C – 80°C
Hydrogen pressure 15 bar
Irridiation time 3 min
Light Illuminated / dark

The graph shows the averages and standard deviations of the
reactions. These are also represented by the table (bottom
left).

The main difference between light and dark is that the
illuminated reaction shows a slight increase in yield of the
further hydrogenated product methyl cyclohexanepropionate.

Another noticeable result was the partial degradation of the
catalyst (figure below), especially at higher temperatures. As
temperatures reached 100 °C and higher, visible degradation
of the catalyst was observed. The most feasible reason is that
the connection between the carrier (Al2O3) and Ru is not
stable. This instability need further investigation.

Results

Multiple experiments were done with differing conditions. The
most recent experiments were performed with 15 bars of
hydrogen pressure and an irradiation time of 3 minutes. The
results of these experiments are represented in the table
below.

Conditions 15 bar H2 pressure | 3 min irradiation time
Light Dark

T (°C) n µx ± σx n µx ± σx
40 °C 5 69% ± 13% 5 81% ± 6%
80 °C 2 74% ± 2% 3 74% ± 22%
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