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OUTLINE

•
 

Sub-thermodynamic adsorption of anions on Cu

•
 

Sub-thermodynamic formation oxygen and 
hydroxide species on Cu

•
 

The presence of irreducible oxides on Cu

•
 

The dominance of sulphide



LOTS OF ANIONS ADSORB ON COPPER TO PRODUCE 
SUB-THERMODYNAMIC ADSORBED STATES



• Chloride anions strongly interact 
With Cu surfaces. 
• Adsorbed chloride can catalyze water reduction
•

 

This can be seen in the imbalance in charge 
between the adsorption and desorption peaks
• The pH is ~ 2
•

 

Cl-
 

adsorption destroys surface O adsorbed 
species

Cl-

 

adsorption

Cl-

 

desorption
H2

 

O reduction



•
 

Bromide adsorption-desorption 
also occurs close to the H2

 

O 
reduction region
• The pH is approximately 2



Cl-
 

adsorption causes surface 
restructuring but the

original surface is recovered on 
desorption



FORMATION OF SUB-THERMODYNAMIC Cu(OH)ads
 

AND 
Cu2

 

(O) STATES IS COMMONLY OBSERVED ACROSS THE 
FULL pH RANGE



Oxides grown in air (possibly slightly humid)
and electrochemically are both cuprite

 

(Cu2

 

O)
A –

 

onset of oxidation
B –

 

onset of film thickening for one oxide orientation

In-situ X-ray diffractometry



Region of sub-thermodynamic stability 
of monolayer oxide phase
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No oxide present in H2

 

O reduction region



Electroadsorption

 

of OH-

 

to form Cu(OH)ads

H2

 

O reduction

O2

 

reduction kinetics influenced 
By Cu(OH)ads

 

/Cu2

 

O layer

Cu2O formation

Cu2

 

O reduction

No observable influence of films in the water reduction region



•
 

Adsorbed O or OH species observed on the Cu surface prior to bulk 
Cu2

 

O formation; i.e., in the thermodynamically-forbidden region of the 
Potential-pH diagram.
•

 

Applying negative potentials removes these species enabling 
resolution of the Cu (110) surface.
•

 

It was concluded this is in quailitative
 

–
 

but not quantitative –
 agreement with the potential-pH diagram



Extensive oxidation follows 
thermodynamic expectations

Monolayers
 

or submonolayers
 

of 
Adsorbed O and OH are possible 

sub-thermodynamically

Only formed in the potential region 
between the equilibrium potentials 

Cu corrosion in H2

 

O.



OH-

 

adsorption and 
desorption

Cu2

 

O formation

Cu2

 

O reduction

H2

 

O reduction occurs at > -1.4V



Potential at which Cu(OH)ads

 

occurs is 
confirmed by ellipsometry



AIR-FORMED OXIDE FILMS AND FILMS FORMED BY TRACES OF 
DISSOLVED OXYGEN ARE HARD TO FULLY REDUCE



Ellipsometry
 

shows a monolayer of Cu(I) oxide
still exists at -1.1V; i.e., H2

 

O reduction occurs on this layer

“A thin Cu2

 

O film is likely to be present owing to incomplete pre-

 
reduction Of the air-formed film. This is known to occur with passive 
films when their electronic properties lead to the occurrence of

 

the 
hydrogen evolution reaction in preference to film reduction”

“Even when working with deoxygenated solutions, 
traces of oxygen…….will lead to the formation of an 

irreversible attached layer of chemisorbed oxygen that 
cannot be reduced electrochemically”



Sub-thermodynamic Monolayer or 
Submonolayer

 

Anion adsorption processes OH-

Cl-
Br-

HS-

Thermodynamically feasible oxidation 
and dissolution in the absence of HS-

Thermodynamically feasible oxidation
In the presence of HS-



 

Formation of bulk Cu2

 

S

Reduction of Cu2

 

S

Cl-
 

adsorption

OH-

 

adsorption

Sulphide
 

reacts at a diffusion controlled rate 
To produce bulk Cu2

 

S

In the presence of all other anions, sulphide
 

dominates Cu corrosion behaviour
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