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INTRODUCTION 

FATE OF THE CATALYST 

HYDROGEN PRODUCTION – Clark-electrode 
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One of the possible ways to solve the current energy crisis, which is due to the increasing cost and decreasing availability of oil 
and its derivates, would be to use H2, produced  in a sustainable way, as a fuel. 
The most interesting method for H2 production is the photocatalytic water splitting: this process starts with the absorption of a 
photon by a photosensitizer, which then transfers electrons between the oxidation and reduction catalysts, which are 
respectively oxidating 2O- to O2 and reducing 2H+ to H2. 
Unfortunately such a complete system is very difficult to achieve, therefore many scientists have focused their researches only 
on half reaction, where the missing half is replaced by a sacrificial agent. 
In our study, we aim at unrevealing the mechanism behind the reductive reaction, in a system composed by a Re photosensitizer, 
a Co-based catalyst and TEOA as a sacrificial electron donor. 
Until now, with the help of ultrafast spectroscopy, we were able to follow the part of the reaction relative to the photosensitizer, 
thus discovering that the absorption of the photon is directly followed by an oxidative quenching reaction with the sacrificial 
electron donor. Subsequently, the electrode is transferred from the reduced photosensitizer to the catalyst[1]. 
We then concentrated on the reactions involving the catalyst, trying to also develop a model which could represent the 
experimental data. 
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DECAY OF THE CATALYST – UV-Vis Flash Photolysis 

MODEL CONCLUSIONS 
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Transient spectra after 355 nm excitation, pH = 7.75* Re-/CoI kinetics at 500/620 nm in buffers with different pH* 
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The CoI decay kinetics, at different pH values, 
can be divided in 3 parts: 

1) t<0.1 ms: e--transfer from Re to CoI and   
e--losses due to side reactions; 

2) 0.1 ms<t<1 s: single step compatible with 
a reaction between CoI and an iminium 
ion  ADDUCT FORMATION; 

3) t>1 s: final decay shows a linear 
dependence on pH       fast  
PROTONATION equilibrium followed by 
COMPROPORTIONATION step. 

     CoI + H+   CoIII-H +CoI     CoII-H 

Two different bands are visible: 
- λmax ≈ 500 nm: decreasing absorption 

of the Re-; 
- λmax ≈ 620 nm: absorption of the CoI. 

 
Unfortunately there is no sign of any of the 
other supposed intermediates in the 
spectrum. 
 
 

* [Re(py)(CO)3BIPY]Otf = 0.25 mM, CoTPyBr2 = 0.5 Mm, 
TEOA/HBF4 buffer, 1 M total TEOA concentration. 

The kinetics of the H2 production at different pH 
values, obtained using a Clark-type electrode, show: 
‐ a dependence on the pH      2nd 

PROTONATION; 
    CoII-H + H+ CoII + H2 
‐ a delay with respect to the relative CoI decay, 

thus confirming that an “invisible” intermediate, 
CoII-H, must be present. 

 

[Re(py)(CO)3BIPY]Otf = 0.25 mM, CoTPyBr2 = 0.2 Mm, TEOA/HBF4 buffer,  
 1 M total TEOA concentration. 

‐ The reaction cycle was investigated with the help of spectroscopic techniques as well as an hydrogen 
sensitive electrode. 

‐ The Co catalyst in this case seems to follow the “heterolytic” pathway, characterized by a 
comproportionation step. 

‐ The system must still be improved, especially in view of a large-scale application, trying to minimize the 
losses due to side-reaction and to increase the rate of the H2 generation. 

A model developed using the 
differential equations of all the 
steps involved in the reaction, can 
reproduce both qualitatively and 
quantitatively the kinetics observed 
for CoI and H2, thus confirming the 
possible mechanism. 

Normalized CoI decay and  H2 production curve  
at pH 8.5 


