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What materials can be electrodeposited?

THE PERIODIC TABLE OF OXIDATION STATES

Electrodeposited from aqueous electrolytes
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What materials can be electrodeposited?

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

Building a Pourbaix diagram (E-pH)

xM** + yH,0 = M, 0, + 2yH*
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At 25 °C, 2.303R—FT ~ 0.059 V %,



E (V/INHE)

Building a Pourbaix diagram (E-pH)

Acidity constants

-2 0 2 4 6 8 10 12 14 16

S S B B Nernst Potentials
. ) I - -
177 2+ 41+ 1 RT a
1.0 - H'/‘ de~ 410 E =E°—-2303—log aRedﬁ
_ *~---.~_:‘2H20 _ nF Aoy
e 405 4
1 I E =123 —0.059 x—* pH
) 1% A
_0_5_- 2H++2 -------- ] _o5 [ Electrochemical window|of water
- €~ < 5y T e | v
-104 Ty T 1-1.0 2
' e E=O—O.059*E*pH
-154 4 -1.5
2.0 — 1 r+ 1 + r r 1T + T r 1T ~ T *r T 7 -2.0
2 0 2 4 6 8 10 12 14 16

At 25 °C, 2.303R—FT ~ 0.059 V 1#



E (V/INHE)

Building a Pourbaix diagram (E-pH)

Acid-base equilibria
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E (V/INHE)

Building a Pourbaix diagram (E-pH)

Acid-base equilibria
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Building a Pourbaix diagram (E-pH)

Acid-base equilibria

Cut 2 Cu0 = Cu0,*” Acidity constants
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E (V/INHE)

2.0

Building a Pourbaix diagram (E-pH)
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E (V/INHE)

Building a Pourbaix diagram (E-pH)

Acid-base equilibria
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Building a Pourbaix diagram (E-pH)

Acid-base equilibria
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Building a Pourbaix diagram (E-pH)

Acid-base equilibria
Cu?t + H,0 = Cu0 + 2H* = 2pH = pKa + log[Cu?*]
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3D Pourbaix diagram (E-pH-M and E-pH-X)
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3D Pourbaix diagram (E-pH-X)
Nernst potential for metalorganic complex [ML,]?*

1) [ML]™ = M# + xL™ complexation constant independent of the potential

2) M#* + ze- > MO the slower process defines the reaction kinetics

Can you express the new Nernst potential E*4(ML,"*/M?, xL™) as a function of:

EO(M?*/MP) the standard potential for the metal M

[MZ+] [Lm—]x
[ML%?]

pK, = -log K, the complex dissociation constant K; =
and the concentrations [ML?*] and [L™]

19



3D Pourbaix diagram (E-pH-X)

Nernst potential for metalorganic complex [ML,]?*

1) [ML]™ = M# + xL™ complexation constant independent of the potential

2) M#* + ze- > MO the slower process defines the reaction kinetics

RT
E¢T = EX(M**/M®) + - In[M**]

_ [MZ+][Lm—]x 241 [ML’,%-'-
Kd = [ML’;-}'] > [M ] - Kd [Lm—]%
RT MLt
E€T = EP(M™* /M) + —In <Kd [[L ]’3>

[Eeq = E° + 2.303 % {log[MLY*] — x.1og[L™"] — pKd}J Eea(ML /MO, xL™) < Ee9(M?*/MP)
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