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approach, where solar power is directly converted into electricity or a fuel or, 2) an indirect 

approach, where solar energy is first converted into electric potential that can drive fuel 

generation in a device, e.g., a solar cell that powers a water electrolyzer to produce H2 from 

water splitting. These two types of solar-to-fuel devices use natural photosynthesis as a 

blueprint, inspired by the light harvesting complexes and enzymes that catalyze the light-to-

chemical transformations in plants, cyanobacteria and algae. Looking closer, the 

photosynthetic apparatus can be found within the thylakoid membrane within these 

organisms, where all the components for light harvesting and catalysis are well-organized 

within a protein matrix to facilitate efficient (proton-coupled) electron transfer steps.[6] 

Supramolecular interactions play a major role within the protein environment to retain this 

crucial organization of (photo)electronically active motifs at specific orientations and 

distances. Therefore, using supramolecular organization in artificial photosynthesis could be 

a great strategy to promote the three fundamental actions required in the solar-to-fuel 

conversion process. The following part discusses photosynthesis and the current role of 

supramolecular chemistry in devices for solar conversion applications. 

 
Figure 1. Estimated finite and renewable planetary energy reserves in 2015 (Terawatt-years) 
together with the world energy use in 2019. The yearly potential is shown for the renewables 
and the total recoverable reserves are shown for the finite resources for 2015.[1] OTEC = Ocean 
Thermal Energy Conversion. 



















116 
 

 
Figure 6. Schematic representation of operational mode of the DSSC (top) and the DS-PEC 
(bottom). In DSSCs the light absorbing dye molecule is anchored to a semiconductor that is 
applied onto a conducting substrate (Typically FTO glass). The dye performs charge-
separation and oxidizes or reduces the redox couple (RC) in the electrolyte that delivers the 
charge to the counter electrode (CE) closing the circuit. a) For n-type the dye is excited 
(Process 1) followed by fast electron injection into the conduction band (CB) (Process 2). The 
dye is oxidatively quenched by the redox couple (Process 3). The redox couple is then 
regenerated at the counter electrode (CE) (Process 4). b) In p-type the electrons move the other 
way around, but the processes are equivalent to n-type. The dye is excited (Process 1) after 
which it is reductively quenched by an electron in the valence band (VB) of the NiO (Process 
2). The electron of the reduced dye is transferred to the RC (Process 3) after which the redox 
mediator is regenerated at the CE (Process 4). The possible recombination pathways that 
compete with forward electron propagation (blue arrows) are depicted with red arrows. c) A 
DS-PEC performs processes light capturing and charge separation in a similar fashion. 
However, the RC is substituted for a redox catalyst performing reactions such as water 
splitting. The catalyst may be anchored to the semiconductor surface or dye as diffusion is not 
required. Water oxidation catalysts (WOC) oxidize water to oxygen and protons. Four 
oxidations are required to generate a single oxygen molecule. The hydrogen evolution catalyst 
(HEC) combines the electrons and protons liberated at the anode to form hydrogen gas at the 
cathode. Every hydrogen molecule requires two electrons from the HEC. The half reactions 
are often separated by a proton exchange membrane (PEM).  
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comparison, the best performing n-DSSC exhibits a VOC of 1.013 V together with JSC of 18.36 

mA cm-2 resulting in an almost 6 times higher PCE (14.3 %).[59] 

 
Figure 9. Reduction potential of different redox mediators used in p-DSSCs in comparison 
with the HOMO level of the best performing PMI dye and the VB of NiO. This shows that I-

/I3
- allows for low maximal potentials (difference between redox potential mediator and VB 

NiO), unlike to metal complexes. 
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binding pocket ready to accept electrons. All in all, pre-organization of components and the 

final removal of QH2 inhibits recombination in PSII. 

 

Figure 13. Different oxidation states of quinone along with stick representation of the PSII 
acceptor side with QA (pink) QB (violet) interact via H-bonds (indicated by the blue dotted 
lines) with the protein environment. Data from the 1.9-Å structure (Protein Data Bank ID 
code 3WU2). This figure is adapted from Rutherford and coworkers.[17] 

 

5. Machines working on the nanoscale 

The last section mainly focused on the different PET steps within the photosynthetic 

apparatus, however, concurrently protons are released during these steps into the thylakoid 

lumen generating a proton gradient. This chemical gradient is ultimately used to create 

adenosine triphosphate (ATP) in the later stages of photosynthesis (Figure 2, Step 12). ATP 

is the fuel of life and is used in all chemical processes that are endergonic.  

ATP is generated in an extraordinary process making use of a biological nanomachine called 

ATP-synthase.[95] In this process, a proton gradient is applied to drive this biological motor. 

By the rotating movement mechanical energy is transferred into chemical energy, which is 

used to fuse adenosine diphosphate (ADP) and inorganic phosphate (Pi) into ATP. ATP 

synthase is found in all life forms powering all cellular activities. This nanosized machine is 

one of many in the human body. Next to ATP synthase other nanosized machines are 






























