
2 – Pourbaix diagrams



What materials can be electrodeposited?

2



What materials can be electrodeposited?

Transition metals, metals, semi-metals and metalloids

Electrodeposited from aqueous electrolytes
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What materials can be electrodeposited?



Molten salts, organic solvents, ionic liquids
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What materials can be electrodeposited?



In aqueous electrolytes, one can refer to Pourbaix diagrams:
Thermodynamically stable phases = f(E, pH)

pH < 8.8   or   pH > 10.2

Example of Lead
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What materials can be electrodeposited?



ECD but with H2 evolution

Corrosion

Electrodeposition

pH < 8.8   or   pH > 10.2

Example of Lead
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In aqueous electrolytes, one can refer to Pourbaix diagrams:
Thermodynamically stable phases = f(E, pH)

What materials can be electrodeposited?



ECD but with H2 evolution

Binary diagram – case of Bi2Te3

Corrosion

Electrodeposition

pH < 8.8   or   pH > 10.2

Example of Lead
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In aqueous electrolytes, one can refer to Pourbaix diagrams:
Thermodynamically stable phases = f(E, pH)

What materials can be electrodeposited?



ECD but with H2 evolution

Binary diagram – case of Bi2Te3

Corrosion

Electrodeposition

pH < 8.8   or   pH > 10.2

Example of Lead

The more the elements the more the complexity
→ ECD window narrows 8

In aqueous electrolytes, one can refer to Pourbaix diagrams:
Thermodynamically stable phases = f(E, pH)

What materials can be electrodeposited?
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Nernst Potentials

Acidity constants

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉

𝐸𝑒𝑞 = 𝐸0 − 2.303
𝑅𝑇

𝑛𝐹
𝑙𝑜𝑔

𝑎𝑅𝑒𝑑
𝛼

𝑎𝑂𝑥
𝛽

𝑥𝑀2𝑦+ + 𝑦𝐻2𝑂 ⇌ 𝑀𝑥𝑂𝑦 + 2𝑦𝐻+

𝐾𝑎 =
𝑀𝑥𝑂𝑦 𝐻+ 2𝑦

𝑀2𝑦+ 𝑥 ⇒ 𝑝𝐾𝑎 = −𝑙𝑜𝑔
𝑀𝑥𝑂𝑦

𝑀2𝑦+ 𝑥 + 2𝑦 𝑝𝐻

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Electrochemical window of water

𝐸 = 0 − 0.059 ∗
2

2
∗ 𝑝𝐻

𝐸 = 1.23 − 0.059 ∗
4

4
∗ 𝑝𝐻

Acidity constants

𝐸 = 𝐸0 − 2.303
𝑅𝑇

𝑛𝐹
𝑙𝑜𝑔

𝑎𝑅𝑒𝑑
𝛼

𝑎𝑂𝑥
𝛽

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Acidity constants

𝐶𝑢+𝐼𝐼: 𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

⇌

𝐶𝑢+𝐼: 𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

⇌

𝐶𝑢0

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉

𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

Acid-base equilibria

Redox

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Acidity constants

𝐶𝑢+ + 𝑒− ⇌ 𝐶𝑢

𝐸𝐶𝑢+/𝐶𝑢 = 0.520 + 0.059log 𝐶𝑢+

𝑬𝑪𝒖+/𝑪𝒖 = 𝟎. 𝟏𝟔𝟔 𝐕/𝐍𝐇𝐄

𝐶𝑢2𝑂 + 2𝑒− + 2𝐻+ ⇌ 2𝐶𝑢 + 𝐻2𝑂

𝐸𝐶𝑢2𝑂/𝐶𝑢 = 0.471 −
0.059

2
log

1

𝐻+ 2

𝑬𝑪𝒖𝟐𝑶/𝑪𝒖 = 𝟎. 𝟒𝟕𝟏 − 𝟎. 𝟎𝟓𝟗 𝐩𝐇

𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

Acid-base equilibria

Redox Cu+I/Cu0

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉 [Cu]=10-6 mol/L

𝐶𝑢+

𝐶𝑢0

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Acidity constants𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

Acid-base equilibria

Redox Cu+II/Cu+I

2𝐶𝑢2+ + 2𝑒− + 𝐻2𝑂 ⇌ 𝐶𝑢2𝑂 + 2𝐻+

𝐸𝐶𝑢2+/𝐶𝑢2𝑂
= 0.203 + 0.059 pH + 0.059log 𝐶𝑢2+

2𝐶𝑢𝑂 + 2𝑒− + 2𝐻+ ⇌ 𝐶𝑢2𝑂 + 𝐻2𝑂

𝐸𝐶𝑢𝑂/𝐶𝑢2𝑂 = 0.669 − 0.059 pH

2𝐶𝑢𝑂2
2− + 2𝑒− + 6𝐻+ ⇌ 𝐶𝑢2𝑂 + 3𝐻2𝑂

𝐸𝐶𝑢𝑂22−/𝐶𝑢2𝑂
= 2.560 + 0.177 pH + 0.059log 𝐶𝑢𝑂2

2−

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉 [Cu]=10-6 mol/L

𝐶𝑢2+

𝐶𝑢0

𝐶𝑢𝑂(𝑠) 𝐶𝑢𝑂2
2−

𝐶𝑢+

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Acidity constants𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

Acid-base equilibria

Redox Cu+II/Cu0

𝐶𝑢2+ + 2𝑒− ⇌ 𝐶𝑢

𝐸𝐶𝑢2+/𝐶𝑢 = 0.337 +
0.059

2
log 𝐶𝑢2+

𝑬𝑪𝒖𝟐+/𝑪𝒖 = 𝟎. 𝟏𝟔𝟎 𝐕/𝐍𝐇𝐄 < 𝑬𝑪𝒖+/𝑪𝒖

𝐷𝑖𝑠𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑡𝑖𝑜𝑛

2𝐶𝑢+ ⇌ 𝐶𝑢2+ + 𝐶𝑢

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉 [Cu]=10-6 mol/L

𝐶𝑢2+

𝐶𝑢0

𝐶𝑢𝑂(𝑠) 𝐶𝑢𝑂2
2−

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Acidity constants𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

Acid-base equilibria

Redox Cu+II/Cu0

𝐶𝑢𝑂2
2− + 2𝑒− + 4𝐻+ ⇌ 𝐶𝑢 + 2𝐻2𝑂

𝐸𝐶𝑢𝑂22−/𝐶𝑢
= 1.515 + 0.118 pH + 0.0295log 𝐶𝑢𝑂2

2−

𝐶𝑢2+ + 2𝑒− ⇌ 𝐶𝑢

𝐸𝐶𝑢2+/𝐶𝑢 = 0.337 +
0.059

2
log 𝐶𝑢2+

𝑬𝑪𝒖𝟐+/𝑪𝒖 = 𝟎. 𝟏𝟔𝟎 𝐕/𝐍𝐇𝐄

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉 [Cu]=10-6 mol/L

𝐶𝑢2+

𝐶𝑢0

𝐶𝑢𝑂(𝑠) 𝐶𝑢𝑂2
2−

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Acidity constants

Acid-base equilibria

𝐶𝑢2+ +𝐻2𝑂 ⇌ 𝐶𝑢𝑂 + 2𝐻+ ⇒ 2𝑝𝐻 = 𝑝𝐾𝑎 + log 𝐶𝑢2+

⇒ 𝒑𝑯 = 𝟔. 𝟗𝟒𝟓

𝐶𝑢𝑂 + 𝐻2𝑂 ⇌ 𝐶𝑢𝑂2
2− + 2𝐻+ ⇒ 2𝑝𝐻 = 𝑝𝐾𝑎 − log 𝐶𝑢𝑂2

2−

⇒ 𝒑𝑯 = 𝟏𝟐. 𝟗𝟗

𝐶𝑢2+

𝐶𝑢0

𝐶𝑢𝑂(𝑠) 𝐶𝑢𝑂2
2−

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉 [Cu]=10-6 mol/L

Passivation

Immunity

𝐶𝑢0

Corrosion

𝐶𝑢2+ 𝐶𝑢𝑂(𝑠)

C
o

rr
o

si
o

n

𝐶𝑢𝑂2
2−

𝐶𝑢+𝐼𝐼: 𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

⇌

𝐶𝑢+𝐼: 𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

⇌

𝐶𝑢0

Building a Pourbaix diagram (E-pH)
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Nernst Potentials

Acidity constants

Acid-base equilibria

𝐶𝑢2+ +𝐻2𝑂 ⇌ 𝐶𝑢𝑂 + 2𝐻+ ⇒ 2𝑝𝐻 = 𝑝𝐾𝑎 + log 𝐶𝑢2+

⇒ 𝒑𝑯 = 𝟔. 𝟗𝟒𝟓

𝐶𝑢𝑂 + 𝐻2𝑂 ⇌ 𝐶𝑢𝑂2
2− + 2𝐻+ ⇒ 2𝑝𝐻 = 𝑝𝐾𝑎 − log 𝐶𝑢𝑂2

2−

⇒ 𝒑𝑯 = 𝟏𝟐. 𝟗𝟗

𝐶𝑢2+

𝐶𝑢0

𝐶𝑢𝑂(𝑠) 𝐶𝑢𝑂2
2−

At 25 °C, 2.303
𝑅𝑇

𝐹
≈ 0.059 𝑉 [Cu]=10-6 mol/L

Passivation

Immunity

𝐶𝑢0

Corrosion

𝐶𝑢2+ 𝐶𝑢𝑂(𝑠)

C
o

rr
o

si
o

n

𝐶𝑢𝑂2
2−

𝐶𝑢+𝐼𝐼: 𝐶𝑢2+ ⇌ 𝐶𝑢𝑂 ⇌ 𝐶𝑢𝑂2
2−

⇌

𝐶𝑢+𝐼: 𝐶𝑢+ ⇌ 𝐶𝑢2𝑂

⇌

𝐶𝑢0

Building a Pourbaix diagram (E-pH)
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3D Pourbaix diagram (E-pH-M and E-pH-X)

Nernst potential depends on concentrations: 𝐸 = 𝐸0 − 2.303
𝑅𝑇

𝑛𝐹
𝑙𝑜𝑔

𝑎𝑅𝑒𝑑
𝛼

𝑎𝑂𝑥
𝛽



Nernst potential for metalorganic complex [MLx]
z+

1) [MLx]
n+ → Mz+ + xLm- complexation constant independent of the potential

2) Mz+ + ze- → M0 the slower process defines the reaction kinetics

Can you express the new Nernst potential Eeq(MLx
n+/M0, xLm-) as a function of:

E0(Mz+/M0) the standard potential for the metal M

pKd = -log Kd the complex dissociation constant 𝐾𝑑 =
𝑀𝑧+ 𝐿𝑚− 𝑥

𝑀𝐿𝑥
𝑛+

and the concentrations 𝑴𝑳𝒙
𝒏+ and 𝑳𝒎−
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3D Pourbaix diagram (E-pH-X)



𝐸𝑒𝑞 = 𝐸0 𝑀𝑧+/𝑀0 +
𝑅𝑇

𝑧𝐹
ln 𝑀𝑧+

𝐾𝑑 =
𝑀𝑧+ 𝐿𝑚− 𝑥

𝑀𝐿𝑥
𝑛+ → 𝑀𝑧+ = 𝐾𝑑

𝑀𝐿𝑥
𝑛+

𝐿𝑚− 𝑥

𝐸𝑒𝑞 = 𝐸0 𝑀𝑧+/𝑀0 +
𝑅𝑇

𝑧𝐹
ln 𝐾𝑑

𝑀𝐿𝑥
𝑛+

𝐿𝑚− 𝑥

𝐸𝑒𝑞 = 𝐸0 + 2.303
𝑅𝑇

𝑧𝐹
log 𝑀𝐿𝑥

𝑛+ − x. log 𝐿𝑚− − 𝑝𝐾𝑑 Eeq(MLx
n+/M0, xLm-) < Eeq(Mz+/M0)
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3D Pourbaix diagram (E-pH-X)

Nernst potential for metalorganic complex [MLx]
z+

1) [MLx]
n+ → Mz+ + xLm- complexation constant independent of the potential

2) Mz+ + ze- → M0 the slower process defines the reaction kinetics


