










PECAS group @ UPV/EHU

6

1- Atomic-scale descriptors 2- (Quasi)in situ dynamics

What is the local structure and electronic 
fingerprint of an active site?

Single defects as atomic-scale active centers

UHV – STM/STS

How does this site evolve into the active 
interface under reaction conditions?

Following chemical state and reaction 
dynamics under realistic environments

NAP-XPS / electrochemistry

Two levels of the same problem

1- Atomic-scale descriptors: Point defects in MoSe2 and WS2 
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Tarushi Agarwal

Guillermo Tajuelo

UHV – STM/STS

How does the local atomic and electronic structure of an 
individual defect define its potential role as an active site?
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Complex model case CoPc/Au(111)
(combining both approaches to make ORR descriptors measurable)

Pc ring π-system

• HOMO/LUMO
• π frontier orbitals
• Electronic delocalization

CoN4 center 

• Co 3d states
• Axial O2 binding
• Redox sensitivity

Oxygen reduction descriptors

1. Number of d-electrons in the metal center

2. Donor-Acceptor Intermolecular Hardness

(HOMO-LUMO gap)

3. Redox potential

4. M-O2 binding energy (Eb, Ead)

Many ORR descriptors remain indirect, lacking a 
direct local measurement at the active interface.

Angew Chem Int Ed, 55, 47, 14510-14521 (2016), Journal of Electroanalytical Chemistry 922, 116799 (2022), ACS Electrochem. 1, 5, 617 (2025)

CoPc/Au(111) before O2 electro-reduction
(defining the electronic reference state)
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