Chapter 5
Oxidation and Reduction
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Reduction Potentials:
23 BFS 2| driving force: 0|22 8522 St AD =0 75 = MPIXE
5.1 Redox Half-Reaction E
a reduction half-reaction, gains e B
2H'(aq) + 26— Hy(g) " .
e . g) bridge
an oxidation reaction, loses e 2
Zn(s) —Zn’**(aq) + 2e~; Zn*" +2e"—> Zn(s) —
5.2 Standard Potentials Pt
Ly L L
AG°= —-RT/nK =negative (= K>1: favorable, spontaneous) anﬂ(s)
[
H'(aq) Zn’'(aq)

H'(aq) + e — 1/2H,(g) AG°=0
Zn*(aq) + H,— Zn(s) + 2H"(aq) AG® = 147 kJ/mol;
Zn**(aq) + 2e"—Zn(s) AG° = 147 kJ/mol
AG° = -nFE° E°=standard potential, F= Faraday const =96.48 kcal/mol

H'(aq) + e~ — 1/2H,(g) Eo=0V
Zn**(aq) + 2¢— Zn(s) Eo=-0.76V
&AM BHS Eo=0.76V
S standard potential Xt0l: cell potential, V =1 cal& 12| &

=l

emf= 5 Bt 8



5.3 Trends in Standard PotentiaIS'
=59 X3t 0l2st, 0|22 =3t gl S 25 Jt Standard potential 0l J| (4

M’(g) +e(g) +H'(g)

_Ahdee(H ) M+(9) + H(g) \ 4
M’(g) +e(g)+H'(a
Table 5.1 Thermodynamic contributions to £€ for a selection of metals at 298 K* L (9) (9) ( q1) D(H-H
(M il
Li Na Cs Ag (M) M+()+1H()
............................................................................................... + g — g
AgoH® /(I mol™) +161 +109 +79 +284 “M(g)+H (aq) ol
I/(k)mol™") 520 495 376 735
AnyaH® / (kI mol™") -520 ~406 —264 -468 A_ H®(M) Ahde (M)
A¢H®E (M*, ag)/ (k) mol™) +167 +206 +197 +551
ES IV ~304 271 ~303  +0.80 M(s) + H'(aq)
*AfHe(H+ aq)=+455kjm01_] ............................................................. ArHe" M+(aq ) +%H2(g) |

Figure 5-2
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5.4 Electrochemical Series: Table 5.2 Selected standard potentials at 298 K*
Couple ES/V
Fy(9)+2 e~ — 2 F(aq) +2.87
+1.76

Ce**(aq)+e —Ce3*(aq)

E°J} positive and large Ol & strong oxidizing agent
MnOjz (ag)+8 H*(aq)+5 e~ —Mn?*(aqg)+4 H,0(l)
+136

E°J}t negative and large O| & strong reducing agent

Series2| SR8t S&: couplel] &tat+E &
A= DASHA A Sk Cly(g)+2 e=— 2 Cl+(aq)
0,(g)+4 Hf(aq)+4 e-—2 H,0(l) +1.23
[IrClg]*(aq)+e~— [IrClg]*~(aq) +0.87
Fe3t(aq)+e~— Fe?*(aq) +0.77
[PtCl,]*(ag)+2 e-— Pt(s)+4 Cl~(aq) +0.76
5(ag)+2 e~ — 3 (aq) +0.54
[Fe(CN)g]*(ag)+e~— [Fe(CN)g]*(aq) +0.36
AgCl(s)+e-— Ag(s)+Cl~(aq) +0.22
2 H*(ag)+2 e-— H,(g) 0
Agl(s)+e —Ag(s)+I(aq) -0.15
Zn%**(aq)+2 e"—Zn(s) —-0.76
Al**(aq)+3 e"—Al(s) -1.68
-2.87
-3.04

Ca%f(aq)+2 e-—Ca(s)

Li*(aq)+e~— Li(s)
*Further values are included in Resource section 3.




5.5 The Nernst Equation: cell2| emf 2t H| &

AG = AG° + RT In(Q) of| A = ke x4

—nFé€ = —nFé° + RT In(Q)

€ = ¢ —-5gthQD

Nernst 4!

25°C ol A 0.0591

€ = € — log(Q)

InNK=nFE°/RT

5.7. The Influence of pH

Table 5.3 The relation
between K and E®

ESIV K

+2 10°*

| 107
0 1
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=y, 105+
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Redox Stability: g0, Ct2 22, 22 Tjal, 2 ata

5.7 Reactions with Waters
=, oxidizing agent H,Z &t &
=, reducing agent O,& &3}

Oxidation by water: 2 2| &8 P& ZX= ==50] aqueous acid?t BF=SotH

= A E UM (RS2} (Passivation) &30l @K ZE2H.)
M(s) + H,O(1)— MT*(aq) +1/2H,(g) + OH (aq)
M(s) + H'(aq)— M"(aq) +1/2H,(g)

cf. Mg, Al & H| &tot &l AIE FI:H” Lot RO 2ol 2= & O
H 5 =0t ot A

Reduction by Water:

2H,0()—» 4H*(aq) + O,(g) + 4e
4H*(aq) + Oy(g) +4e —» 2H,0(1) E°o=1.23V: EX L= A H|

4Co’**(aq) + 2H,0(1) — 4Co?%*(aq) + O,(g) + 4H*(aq):
E° (Co**, Co?"): 1.82V 0| 2 2 E°=0.59V

The stability field of water:

1.5

Potential, E/V
o
o

o

pH

0,/H,0

Natural
waters
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5.8 Oxidation by Atmospheric Oxygen:

S0 I Es= ot JAUHH =& phAo BtE 1
4Fe*(aq) + O,(g) + 4H'(aq) —» 4Fe¥*(aq) + 2H,0(1)

0,(g) + 4H(aq) + 4e—» 2H,0(I) E=1.23V—(0.059 x pH)
Fe3*(aq) + e-—> Fe?*(aq) E=0.77V

Cell E=0.46 — (0.059 x pH) V

5.9 Disproportionation and Comproportionation:
HEMRI 2R3/2 LS BISE T L2 At ElS orE Y L 2ot S H o
ex) E(Cu*,Cu) = 0.52V; E(Cu2*,Cu*) = 0.16V
SO OHHSH HAK( U222 Cur 0|20 S S AH3HEHE AIIXIE 28

2Cu*(aq) — Cu?*(aq) + Cu(s) E=0.36V = (RT/nF)InK=(0.059/n)logK (n=1), K=1.3 x 10

(71 & Bt EtS2l Xt0I)

Comproportionation
Ag?t(aq) + Ag(s) — 2Ag*(aq) E=1.18V :Aq. Soln. M & H B LIS K=1x10%°



5.10 The Influence of Complexation:

=52 =2 & 4d 2 Standard potential 0l & et 2F =2 M At == /7|04 d-otte)l =
M©1*(aq)
L™\ AGS(2) =—RT In K=
A
ML(n—1)+(aq)

AG*=(1) = -FES(M)

AG®(3) = +FE(ML)

M™(aq) + e

AGo(4)= | AL

+RT In Ko

ML™(aq) + e

5.11 The Relation between Solubility and Standard Potentials;
Determination of sparingly soluble compound K,



The Diagrammatic Presentation of Potential Data:

O] DAl 2SS0 E=MHE o= U= AtstAENN (e Y9 atA otA A
5.12 Latimer Diagrams: &4 2200l st =X & 80 HE: 25 3
Acidic soln.
1.20 1.18 1.65 1.67 1.36
+7 +5 +3 +1 0 -1
S8 Mol= 2R LEZFCE AT A0 Egi0| otatHE 2 0...

Cl0, — ClO; : ClO,(aq) + 2H"(aq) + 2e—> ClO,~(aq) + H,O(l) E°=1.20V

Basic soln.
0.37 0.30 0.68 0.42 1.36
Clo,- — ClIO; —> HCIO, — HCIO —Cl, — CI-
+7 +5 +3 +1 0 -1
OlHOIA 2= S3ERE Jis

AG° = AG® +AG°": —nFE°= n’FE®’ —-n”’FE°”: Eo = (n’FE°’ + n”FE°”")/(n’+n"")



5.13 Frost Diagrams:
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5.12 The Dependence of Stability on pH:

HE pHUIM 82 OIOIE: pH=70l A= M3t A R0 RE

5.14 Pourbaix Diagram: Redox activity vs Bronstead Acidity
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Figure 5-11
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5.15 Applications in Environmental Chemistry: Natural Waters
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5.16 Chemical Reduction: A ==

AG°(M,M 0)

2Cu,S(s) + 30,(g)—> 2Cu,O(s) +2S0,(g)

Cu,O(s) + C(s) A—*2Cu(s) +CO(g) A G(C, CO)

MgO(s) + C(s) —Mg(l) + CO(g)

Reaction Gibbs energy

c—Co
. : can reduce
Thermodynamic Aspect . M,0toM

Temperature —>

Figure 5-14
Shriver& hemistry,
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Figure 5-17
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5.17 Chemical Oxidation: 2
2H,S +30,—* 250, + 2H,0

2H,S + SO,— 3S + 2H,0

Au(s) + 2CN-(aq) — [Au(CN),]-
2[Au(CN),]7(aq) + Zn(s)—>2Au(s) + [Zn(CN),]"(aq)

5.17 Elelctrochemical Extraction

St 23 Al: 2A1,0, + 3C — 4Al + 3CO, Bayer process : aluminum hydroxide
Al: Hall-Heroult process

&Il stst &
&Fst: Cly: 2Cl1(aq) +2H,0(1)—20H(aq) + H,(g)*+Cl,(g)

Sk A

&J| =]



