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ÅElectrocatalysis

ÅDesign and synthesis of catalysts 

for generation and storage of 

energy.

ÅFuel Cells

ÅElectrolyzers

ÅDesign and development of 

spectroelectrochemical 

techniques.

Research lines
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ÅMultidisciplinary and 

Fundamental Research

ÅBiomimetic

ÅMolecular Electrochemistry

ÅSpectroelectrochemistry

ÅModel Systems

Research Lines

Bioinorganic  & Spectroelectrochemistry 

òBIOSó

Institute of Nanotechnology and Materials



Bioinorganic  and Spectroelectrochemistry



Bioinorganic  and Spectroelectrochemistry

Nature uses electrochemistry in the presence and absence of light to control the 

redox cycle of compounds crucial for life, such as carbon, oxygen and nitrogen.

The BIOS research group studies how to control the rates of such redox 

reactions, combining theory, electrode design and the development of 

spectroelectrochemical techniques.



Materials Invisible To Oxygen - MITO



¿?

Decontamination

Clean Energy



Hydraulic Geothermal Photovoltaic/solar

Biomass wind

Intermittent  power 
sources

It is necessaryto connect them to systemsthat allow
energyto be stored to consumeit when necessary.

Renewable  energy







Fuel Cell

Cathode (ORR):  4H+ + 4e- + O2  Ҧ  2H2O  E0 = 1.23 V vs. SHE

Anode(HOR): 2H2 Ҧ 4H+ + 4e- E0 = 0.00Vvs. SHE

GlobalReaction: O2  + 2H2 Ҧ 2H2O E0 = 1.23 Vvs. SHE

Anode: MeOH, EtOH, NH3ΧΦ



üSmall Particle Size

üUniform Distribution / Strong Interaction

üHigh Density of Active Sites

üHigh Surface Area

üAppropriate Porosity 

üHigh Electrical Conductivity

Catalyst Requirements

Metal 

Nanoparticles

Catalyst 

support

Low Cost!!!!

Synthesis of Catalysts



Carbon Black Mesoporous Nanotubes

Xerogel Nanofibres Graphene

Carbon-Based Nanomaterials



Pt Pd Fe

Metal-Based Nanomaterials



Carbon-Supported Metal Nanocatalysts

15 mL Nafion®

500 mL H2O 20 min
Ultrasound

Working electrode
(Ø = 7 mm)

Spectro-electrochemical cell

Catalyst-Ink Preparation



PEMFC - DAFC



PEMFC - DAFC





Anode (OER):    2H2O Ҧ 4H+ + 4e- + O2     E0 = -1.23 V vs. SHE

Cathode(HER): 4H+ + 4e-Ҧ2H2 E0 = 0.00Vvs. SHE

GlobalReaction:  2H2O  ҦO2  + 2H2 E0 = -1.23 Vvs. SHE

Electrolysers

Cathode: NitrogenOxidesΧ.



Anode (OER):    2H2O Ҧ 4H+ + 4e- + O2     E0 = 1.23 V vs. SHE

Cathode(HER): 4H+ + 4e-Ҧ2H2 E0 = 0.00Vvs. SHE

GlobalReaction:  2H2O  ҦO2  + 2H2 E0 = 1.23 Vvs. SHE

Electrolysers

Cathode: NitrogenOxidesΧ. ¿¿¿& now???



Anode (OER):    2H2O Ҧ 4H+ + 4e- + O2     E0 = 1.23 V vs. SHE

Cathode(HER): 4H+ + 4e-Ҧ2H2 E0 = 0.00Vvs. SHE

GlobalReaction:  2H2O  ҦO2  + 2H2 E0 = 1.23 Vvs. SHE

Electrolysers

¿¿¿& now???Photo-Electrochemistry

ÅPhotosensible.
ÅHigh electrical conductivity.
ÅCorrosion and wear resistant.
ÅLow-cost.



Electrolysers



Anode (OER):    2H2O Ҧ 4H+ + 4e- + O2     E0 = 1.23 V vs. SHE

Cathode(HER): 4H+ + 4e-Ҧ2H2 E0 = 0.00Vvs. SHE

GlobalReaction:  2H2O  ҦO2  + 2H2 E0 = -1.23 Vvs. SHE

Electrolysers

Photo-Electrochemistry

ÅPhotosensible.
ÅHigh electrical conductivity.
ÅCorrosion and wear resistant.
ÅLow-cost.

Anodic reaction

Degradation of pollutants in water, e.g.:

ÅAlcohols, Paracetamol, Urea, 
IȅŘǊƻŎŀǊōƻƴǎΧ



Potentiostatic Techniques

Ű
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Spectro-Electrochemical techniques



Spectro-Electrochemical techniques

Several Configurations!

Differential Electrochemical 
Mass Spectrometry



Spectro-Electrochemical techniques

In Situ Fourier Transform Infrared Spectroscopy
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Spectro-Electrochemical techniques

Raman spectroelectrochemistry



In summary
Fuel Cells Electrolysers CO2 reduction

Biomimetic / Biosensor Photo(electro)chemistrySin gle Crystals Corrosion



TMCs as Catalyst and  Catalyst Support



What is the reason behind the explosion of interest in transition metal 

carbides?

Å Could be used as: Catalysts, Catalyst Supports and/or Promoters.

Å DFT: Electronic structure near the Fermi level similar to noble metals (e.g. Pt

and WC).

Å High electrical conductivity.

Å Corrosion and wear resistant.

Å Low-cost.

International Journal of Hydrogen Energy 41 (43), 2016, 19664-19673



Most common drawbacks of transition metal carbides

Å Low surface area and big particle size

Å Several phases (including oxides) are usually observed

Å Crystalline structure is commonly lost under oxidative media

Commercial Mo 2C Commercial W 2C

International Journal of Hydrogen Energy 41 (43), 2016, 19664-19673



I. Synthesis of Mo 2C by the Carbothermal Route

Tubular furnace

H2/N2 (5 % H2) = 100 mL 
min-1

800 ºC 3-10h

4 °C / minRT

MoO3 + NH4OHC + ethanol

Stir: 12 h
Temp: 60 °C 

Low-cost and easy method

Journal of Electroanalytical Chemistry 793, 2017, 235-241

O2/N2 = XXXmL min-1
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Mo 2C (commercial) Mo 2C --- > 50

Mo 2C (carbothermal route) -0.1 gram Mo 2C --- 6

Mo 2C (carbothermal route) Large -

Scale

Mo 2C --- 19

XRD TEM

I. Synthesis of Mo 2C by the Carbothermal Route

Journal of Electroanalytical Chemistry 793, 2017, 235-241



Ethanol

HCl

UREA

Tubular furnace

Ar = 100 mL min-1

800 ºC 2-10h

2 °C/minRT

W-orthoester

Stir 1 h.

Vacuum 12 h

WCl4

WCl4 (1.21 M) 
in CH3CH2OH

Urea:Wmolar ratio = R

R < 2   Ą W2N

2 < R < 4   Ą W°

R = 7   Ą W2C

II. Synthesis of W2C by the Urea -Glass Route

Low-cost. Numerous materials can be synthesized 

but is not facile method

O2/N2 = XXXmL min-1

ACS Catalysis 10 (2), 2020, 1113-1122
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Catalyst Main 

phase/s

Secondary 

phase/s

Crystallite 

Size (nm)

W2C (Commercial) W2C WC > 50

W2C (urea glass route) W2C ---- 14

X-ray diffraction Transmission electron microscopy

II. Synthesis of W2C by the Urea -Glass Route

ACS Catalysis 10 (2), 2020, 1113-1122
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What about TMC surface?

X-ray photoelectron spectroscopy

Surface: metal carbide + transition metal oxides
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ACS Catalysis 10 (2), 2020, 1113-1122Journal of Electroanalytical Chemistry 793, 2017, 235-241

Carbothermal route



TRANSITION 

METAL CARBIDE / 

NITRIDE

TRANSITION METAL OXIDES

+

TRANSITION METAL 

CARBIDES / NITRIDES

Good conductivity ðSmall particle size ð

High surface area - Low-cost production é. 

What are metal carbides?

Time @ highest Temp O2 @ cooling step



TMCs as 
Catalyst and  

Catalyst 
Support

ÅTMC as Electrocatalyst:

ü Hydrogen Evolution Reaction on Mo2C

ÅTMC as Electrocatalyst Support:

ü Electrooxidation of Adsorbed CO on 20 wt.% Pt/Mo2C

ü Electrooxidation of Adsorbed CO on 20 wt.% Pt/TiC, Pt/TiCNand Pt/TiN

ü Electrooxidation of Methanol on 20 wt.% Pt/TiC, Pt/TiCNand Pt/TiN

ü Electrooxidation of Ethanol on 16 wt.% Pt(3)Au(3)Sn(10)/W 2C and 

Pt(3)Au(3)Sn(10)/C

Å TMC as Photocatalyst:

ü Photoredutionof CO2 on Mo2C/TiO2

Å TMC as Photoelectrocatalyst:

ü Patente: Usode nanomateriales comocatalizadores: P202000050



Electrochemical activity and stability of Mo 2C in sulphuric acid medium
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Onset potential strongly depends on the nature of the TMC

Journal of Electroanalytical Chemistry 793, 2017, 235

TMCs as Electrocatalyst: Hydrogen Evolution Reaction 

(HER)2H+ + 2e-
Ą H2 E0 = 0.0 V



FTIRS

Electrochemical stability of Mo 2C in sulphuric acid medium

TMCs as Electrocatalyst: Hydrogen Evolution Reaction (HER)

Mo2C + 4H2O Ÿ CO2 + MoO2 + 8H+ + 8e-

Mo2C + 5H2O Ÿ CO2 + MoO3+ 10H+ + 10e-



Mo2C synthesized by the carbothermal route appears as one 

of the most active non-noble material toward the HER
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Journal of Electroanalytical Chemistry 793, 2017, 235

TMCs as Catalyst: Hydrogen Evolution Reaction (HER)



International Journal of Hydrogen Energy 38, 2013, 7811

TMCs as Electrocatalyst Support: Electrooxidation of Adsorbed CO on 

20 wt.% Pt/Mo 2C

CO oxidation at 0.1 V @ 

Mo2C-based catalyst

Reaction mechanism DEMS

Å Bifunctional and electronic effects (CO bond strength)

enhance the CO tolerance.

Å It depends on the nature of the metal and on the surface

structure.

H2O  OHad + H+ + e-  (1) 

COad + OHad  COOHad (2) 

COOHad  CO2 + H+ + e- (3) 



Journal of Power Sources 231, 2013, 163

TMCs as Electrocatalyst Support: Electrooxidation of Adsorbed CO on 

20 wt.% Pt/Mo 2C

Reaction mechanism

H2O  OHad + H+ + e-  (1) 

COad + OHad  COOHad (2) 

COOHad  CO2 + H+ + e- (3) 
CO diffuses towards 

the most active site

Temperature Effect Peak at low 

potentials increases 

while the peak at high 

potentials decreases

Several linked active sites


