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• Electrocatalysis concerns rates of interfacial chemical 

reactions - between electrodes (solid surfaces) and 

molecules in solution or gas phase.

• Properties of electrodes (e.g. Catalytic/Electrocatalytic 

Activity) depend on variation of the particle sizes, shapes, 

and dispersion of constituent elements of the given 

electrode surface. 

• Applications areas: Fuel cells, electrochemical sensors, 

electrolyzers

Introduction
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Introduction 

Atomic-level processes during electrocatalysis

www.uni-ulm.de/.../Model_Electrocatalysis.htm 
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Nanostructures

Thin Film
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Surface-to-Volume ratio

Transport of reactants and products

Electrocatalyst particles have to maintain electronic contact 

with support



7

M1
+

E
le

c
tro

d
e

 / S
u

b
s
tra

te

Chemical

Reduction / 

Precipitation

Chemical routes to 

Nanoparticulate Multimetallic 

Electrocatalysts

M2(s)

Metal salts/

precursors

M2
+

M1(s)

Electrochemical deposition
e-

M1M2(s)

Transfer

To Electrode
M1

+

M2
+

E
le

c
tro

d
e

 / S
u

b
s
tra

te

Metal salts/

precursors

Reducing 

agent

V
e-



8
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Noble-Metals studied = Pt, Ru, Au, Pd

Substrates = Carbon materials, Gold films

Sequential deposition
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Multi-stage electrodeposition
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Example of Pulsed-Electrodeposition
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Maximum open circuit potential trends

OCP (w.r.t Ag/AgCl) during SLRR steps with during deposition of A and B
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Thermochemical models

Pt-Cu-O-H at 298.15 K, 1 atm, fixed aqueous forms at 1 mol/Kg.  Pt-Au-O-H at 298.15 K, 1 atm, fixed aqueous forms at 1 mol / 

Kg. 

Ru-Cu-O-H at 298.15 K, 1 atm, fixed aqueous forms at 1 mol/Kg. 
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Electrocatalysis: Methanol Oxidation
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Conclusions
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Conclusions

• The use of stepwise fabrication SLRR reactions at open-
circuit results in:
- more active electrocatalysts, 

- smaller particle sizes, 

- metallic forms generally form, and promotion of bifunctional 
mechanisms.

• SLRR reactions implemented with codeposition of noble-
metal particles generally lead to: Multi-stage 
electrodeposition 

• Multi-stage electrodeposition reactions can be useful in 
tuning electrocatalytic properties
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