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Photovoltaic Converter:

Introduction:
A long term transition to a completely renewable power mix
employing wind and solar as power sources, requires efficient ways
of storing the produced electrical energy, since their availability is
extremely volatile. Therefore, one of the most promising alternatives
is chemical energy storage. Here, surplus (renewable) energy is used
to power the production of so called ‘solar fuels’, e.g. hydrogen and
artificial methane.

• New photoabsorbers, recyclability, self-healing
• New catalysts
• Layers with goos conductivity adaption to the electronic properties
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Solar cells: VOC = 1.5 – 2.8 V

2-electrode integrated PV-EC device

Daisy-Fun Lab in Darmstadt [2]:

Vacuum based preparation by Sputtering, Atomic layer (ALD) and Chemical vapor deposition
(CVD)
Analysis by Photoelectron Spectroscopy (XPS, UPS, IPES)and Electron Energy loss spectroscopy
(EELS)

Preparation and characterization techniques:
(Photo)electrochemical
characterization coupled with Surface 
Science methods

Catalysts for CO2 reduction:
Solar cells are normally sealed in order to protect them from
degradation. In order for them to survive prolonged contact
with an electrolyte, good passivation layers, who do not
impede the SC performance are needed. The passivation
layers impact on cell performance is often determined by the
interface properties[3].

Interface optimization: Catalysts for water splitting:
The current voltage behavior for electrolysis is defined by the 1.23 V 
thermodynamically necessary for the water splitting reaction, and the 
cathodic and anodic over-potentials, which are strongly dependent on the 
employed catalyst system[5,6|. 

SEM of Pt nano-particles from CVD

Nanoparticles:   Larger surface area
Less material consumption

While Pt is clearly the best catalyst for the hydrogen evolution reaction
(HER), research on cheap and abundant high performance hydrogen and
oxygen evolution catalysts is still in progress. Nickel oxide composites for
example are a very promising material system for the oxygen evolution
reaction [7].

Hydrogen can be used and stored
much like a fossil gas but has a very
low volumetric energy density. For
many applications it is desirable to
have a higher volumetric energy
density in the form of gases and/or
liquids. Mimicking nature even
closer in the form of an artificial leaf
is the direct photoelectrochemical
conversion of CO2 to a carbohydrate
compound [8, 9].

TiO2 by atomic layer deposition

The basic idea of ‘direct photoelectrochemical water
splitting’ is to combine photovoltaic energy conversion
directly with electrolysis in one compact setup as shown
below [1].

Cyclovoltammogram of a Pt-
electrode

In order to avoid 
efficiency losses during 
the charge transport, the 
layer structure has to be 
well adapted 
electronically.

The interface layer has to 
stabilize the 
photoelectrode for 
prolonged periods of time 
in order to apply this 
technology in a 
competitive way [4].
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