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Electrocatalytic Reactions

CO2 + 2e− + 2H+ → CO + H2O

O2 + 4e− + 4H+ ↔ 2H2O

2e− + 2H+ ↔ H2

CO2 + 8e− + 8H+ → CH4 + H2O

Cat. ET PT

N2 + 6e− + 6H+ → 2NH3 Source: Wikipedia
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2CO2 + 2N2 + 8e− + 8H+ → 2CH4N2O
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Fe

Cu

Nature as Inspiration

HER

ORR

Pt/C

Hydrogenase

Cytochrome c Oxidase
O2 + 4e− + 4H+ → 2H2O

2e− + 2H+ → H2
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Molecular Catalysts with Second Coordination Spheres

Cooperation with M. Schwalbe, Utrecht Univ. 

2e− + 2H+ → H2

Anthony Ramuglia PhD
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Molecular Catalysts with Second Coordination Spheres

Cooperation with M. Schwalbe, Utrecht Univ. 
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Molecular Catalysts with Second Coordination Spheres

2e− + 2H+ → H2
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Molecular Catalysts with Second Coordination Spheres

CO2+ 2e− + 2H+ → 𝐶𝑂 + H2𝑂

ChemCatChem 2021, 13, 1-12 Anthony Ramuglia PhD
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Raman Spectroelectrochemistry

For a review see Ly & Weidinger 

Chem. Commun 2021, 57, 2328-2342

Raman 
Scattering
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From Angew. Chem. Int. Ed. 2018, 57, 10765
Small, 2022, 18 2204116

C2N Materials for Reduction of Nitrogen
Cooperation with M. Oschatz, Univ. Jena

N2 + 6e− + 6H+ → 2NH3

C-HAT-CN-550

C-HAT-CN-700

C-HAT-CN-1000

HAT-CN

DT

Highest Faradaic

efficiency towards NH3
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C2N Materials for Reduction of Nitrogen N2 + 6e− + 6H+ → 2NH3

DT

C-HAT-CN-550

C-HAT-CN-700

C-HAT-CN-1000

vibrational
modes of the
C2N-framework

HAT-CN

Nitrile 
stretching
vibration



Folie 13

C2N Materials for Reduction of Nitrogen N2 + 6e− + 6H+ → 2NH3

Catalyst activation at 

cathodic potentials

No major reaction of the nitrile groups or structural changes of the C2N matrix

Shift of electron density from the nitrile groups to the active site

Changes in the electrochemical double layer

Scenarios for catalyst activation:
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Photo-Electrocatalysis by Acethylenic Polymers

Copper

Polymer

Cooperation with X. Feng, TU Dresden



Folie 15

Photo-Electrocatalysis by Acethylenic Polymers

Copper

Polymer

Best HER in neutral conditions

Best HER in alkaline conditions

Bifunctional HER and OER catalyst

Only CAP that performs NRR
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Photo-Electrocatalysis by Acetylenic Polymers

HER (neutral): 2 e- + 2H+
→ H2

594 647

Angew. Chem. Int. Ed. 2019, 58, 10368

594 647

Halil Öner PhD
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HER (alkaline): 2e- + 2H2O → 2OH- + H2

Photo-Electrocatalysis by Acetylenic Polymers

Angew. Chem. Int. Ed. 2021, 60, 18876

Mino Borrelli PhD
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NRR : N2 + 6e- + 6H+
→ 2NH3

Photo-Electrocatalysis by Acetylenic Polymers

HER: 2e- + 2H+
→ H2

hn594 nm
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Molecular Catalysts with Second Coordination Spheres

Cooperation with M. Schwalbe, Utrecht Univ. 

CO2 + 10 𝑚𝑀 𝑃𝑖𝑝𝑒𝑟𝑖𝑑𝑖𝑛𝑒
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