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Introduction

* Electrocatalysis concerns rates of interfacial chemical
reactions - between electrodes (solid surfaces) and
molecules in solution or gas phase. E

* 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
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Introduction

Atomic-level processes during electrocatalysis

eay 4 1

electronic ligand effects  adsorption sites  ensemble size effects  hifunctional effects
=» Variable adsorption energy =» selectivity = enhance kinetics

www.uni-ulm.de/.../Model_Electrocatalysis.htm
B
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Catalytic Active Sites (Active reaction area)

Surface-to-Volume ratio

Transport of reactants and products

Thin Film

Nanostructures
i

Electrocatalyst particles have to maintain electronic contact GI R
with support
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Chemical routes to
Nanoparticulate Multimetallic
Electrocatalysts
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Flow-cell setup

Ag/AgCl
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Electrode (RE) Counter Electrode (CE)
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K X
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PTFE —— — Inlet to flow-
substrate holder 1 channel
| |
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Silicon Rubber Gasket

(Connection to
Potentiostat’s
WE input)

I Perspex block for
Copper Tape substrate
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Working
Electrode (WE)
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'M1-BE Rinse

Sequential depos

1ition

Cycle 2

AN

M1-Deposit

M2-BE Rinse

BE Rinse

M1
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Time =

M1-Deposit
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Noble-Metals studied = Pt, Ru, Au, Pd
Substrates = Carbon materials, Gold films

M2-BE Rinse
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Sequential deposition coupled to Surface-limited Redox-
replacement reactions (SLRR): Synthesis of multilayered bimetallic
RuPt electrocatalyst

AL XsXsXsXsXsXS) e A S XS XS XS XS XSX(S)
CwwCwCwicy

(1) Clean substrate with blank electrolyte (BE);
Inject Cu?*solution at E >> E¢,.c o+ @g'ze@ @
(2) Potentiostatic electrodeposition at —

Egep > Ecu-cuz+ (Underpotential
Deposition (UPD)) or Eye, < Ecycuoe
(small Overpotential Deposition
(OPD) - to produce sacrificial Cu
adlayer on active sites of the
substrate; Rinse with BE

A XsXsXsXsXsXs) e (S XS XsXsXsXsXS)
GGG GIEIGIEICED

(4) Ptnanodeposit on substrate; (3) Inject H,PtClg solution and allow

Rinse with BE and inject Cu?* @ surface-limited redox-replacement
solution at E >> E.cy+ (SLRR) of Cu by Pt at open circuit

l (OC)
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(5)  Potentiostatic electrodeposition at—  (6) Inject RuCl, solution and allow ! |
Egep to produce sacrificial Cu surface-limited redox-replacement
adlayer on active sites on Pt (SLRR) of Cu by Ru at OC (SXSIS S XS IS XS

adlayers; Rinse with BE
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Potential

Multi-stage electrodeposition
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Pt/C
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b. Cu to form (Pd | Pt)/C or Pb2*
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Cu(s) or Pb(s)
- UPD
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Substrates = Carbon materials, Gold films GI R
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Example of Pulsed-Electrodeposition
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Sieben et. al, Journal of Alloys and Compounds 509 (2011) 4002—-4009
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Open Circuit Potential / V
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Maximum open circuit potential trends
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Deposition Cycle

OCP (w.r.t Ag/AgCI) during SLRR steps with during deposition of A and B
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EIV (vs SHE)

Thermochemica
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models

E Pt(2+) + Au(3+)
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Ru-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 /
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Surface Electrochemistry
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Surface and Bulk Characterisation — SEM, EDS

1(Au|Pt) /GC

Sequential SLRR deposition 1(Ru-P1)/GC
Electrochemical codeposition

100 nm EHT = 1.00 kV
WD = 2.1 mm
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Electrocatalysis: Methanol Oxidation

Pt+CH,OH — Pt (CH,OH)
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Formic Acid Oxidation
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Oxygen reduction
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Conclusions
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(1) Formation of Cu
templating clusters
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deposition potential
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of Cu atoms by more
noble Ru at open
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(6) Ru-coated Pt
| nanoclusters
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interchanging the
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with preferential growth on
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regions responsible
for enhanced
bifunctional
catalytic
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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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