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Hydrogenase

 Surprising performances: 

up to 10.000 molecules s-1 processed!

H2 2e- + 2H+ 

‘‘Fuel of the future’’

- High energy density

- Completely green combustion

H2

Nitrogenase

 Fix N2 into ammonia

at room T and P

N2CO2

O

 Reduce CO2 into

hydrocarbons = FUELS!



Chemical conversion

Reduction:

- Chemical

- Electrochemical

- Photochemical

Publications trend in the field of electrochemical homogeneous reduction

of CO2.
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Hydrogenase

 Surprising performances: 

up to 10.000 molecules s-1 processed!

H2 2e- + 2H+ 

2H2 + O2 2H2O

H2 production

H2

H2 oxidation

CAT.

Nitrogenase

 Fix N2 into ammonia

at room T and P

400-450°C

200 atm

N2

HABER-BOSCH

CO2

Catalysts based on 

PRECIOUS METALS

O

 Reduce CO2 into

hydrocarbons = FUELS!



Hydrogenase

H2
N2CO2

Nitrogenase

Both FeS proteins

Switch from precious to 

bio-available metals as catalysts
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BIOMIMETICO
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[4Fe4S]H 

[2Fe]H

Fe   S     N    O    C   

 Surprising performances: up to 10.000 molecules

s-1 processed!

 Highest TOF for H2 production among the different 

hydrogenase families

 Complete reversibility

S

Fed Fep

H2 2H+ + 2e-

H2

H+

e-

H-cluster

F-clusters

H-cluster Mainly found in anaerobic

prokaryotes

(Clostridia, Desulfovibrio) 

and green algae

(Chlamydomonas reinhardtii)

PDB ID: 1HFE

Desulfovibrio desulfuricans

[FeFe]-Idrogenasi



METALLOENZYME

ACTIVE SITE

REACTIVE CORE

A B 

H2 2(H+/e-)

H2 2(H+/e-)

Cys178

*

Glu240

*
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[4Fe4S]H 

[2Fe]H

Fe   S     N    O    P   C   

H-cluster

[2Fe]H

 Lower performances than the natural

system in the H2 production direction

 Poorly reactive towards H2 oxidation
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BIOMIMIC

Fep

 Catalytically active

 Super cheap:

Fe-precursor ⁓ 4 €/g

thiolate ⁓ 3 €/g

 Easy and fast to be synthesized

 Loses catalytic activity if

extracted from the protein



 Caratterizzazioni strutturali

 Studiare le proprietà redox → calcolo potenziali redox

→ interpretazione di CV

 Studio proprietà spettroscopiche e interpretazione spettri 

(IR, NMR, UV)

 Caratterizzazione meccanismi catalitici

 Come modificare la struttura per:

Aumentare efficienze catalitiche?

Ottimizzare proprietà di interesse?

Riprodurre sinteticamente conformazioni attive in natura
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Fe   S     N    O   Mo C     FeMo-co

Mo-Nitrogenasi

! Fix N2 into ammonia at room T and P 



Fe   S     N    O   Mo C     FeV-co

Mo-Nitrogenasi V-Nitrogenasi

FeMo-co

CO2

N2

CO2

N2



 Comprensione del meccanismo che porta alla forma attiva del sito catalitico

 Caratterizzazione del meccanismo di trasformazione di N2 e CO2 in composti tecnologicamente 

rilevanti (fuel, building-blocks per la sintesi chimica)

 Ricerca dell’origine della differente selettività di substrato di Mo e V-Nitrogenasi

Mo V


