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25-02-2016 Cobalt 1

Iron

Pyrite formed under reducing conditions 

Burn in air 4FeS2 + 8O2 →Fe3O4 + 6SO2

Magnetite and

Hematite α-Fe2O3 formed under oxidising conditions 

Iron 
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06-04-2016 Iron  JJ 4

Iron
Fe: [18Ar]3d64s2

+ 2HCl → Fe2+ + H2 + 2Cl-

Fe2+ d6 as  FeCl2(H2O)4 pale green

Fe(H2O)6
2+ pale blue-green

readily oxidised in air to

Fe3+ d5 as  Fe(H2O)6
3+ very little coloured (pale red-violet)

Tri- or divalent metal ion? 

M3+ Eo (3+/2+) /V

Sc very negative

Ti -0.37

V -0.25

Cr -0.41

Mn 1,54

Fe 0.77

Co 1.84

Ni large

Cu 2.4

Zn

M(H2O)6
3+   and M(H2O)6

2+ 

From ”Notes” p. 4
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Iron i water

Reaction E0 / logK E - pH equation

1 Fe2+
(aq) + 2e-  Fe (s) -440 mV E=-440 + (59.2)/2· log [Fe2+] E

2 Fe(OH)2(s) + 2H+  Fe2 +
(aq) + 2H2O 12.9 log[Fe2+] = 12.9 – 2pH pH

3 Fe3+
(aq) + e-  Fe2+

(aq) 770 mV E=770 + 59.2· log([Fe3+]/[Fe2+]) E

4 Fe(OH)3(s) + 3H+  Fe3+
(aq) +  3H2O 3.9 log[Fe3+] = 3.9 – 3pH pH

5 Fe(OH)2(s) + 2H+ + 2e-  Fe (s) + 2H2O -47 mV E= -47 - 59.2pH E.pH

Fe(OH)3(s) + e- + H+  Fe(OH)2(s) + H2O 270 mV E= 270 - 59.2pH E.pH

Fe(OH)3(s) + e- + 3H+  Fe2 +
(aq) +  3H2O 1060 mV E= 1060- 3·59.2pH- 59.2log[Fe2+] E.pH

Fe(H2O)6
2+ ↔ Fe(OH)(H2O)5

+ + H+ pK~ 10

Fe(H2O)6
2+ + OH- → Fe(OH)2 (almost white)

Fe(H2O)6
2+ + OH- + O2H- → Fe2O3     (Fe(OH)3)

Fe(H2O)6
2+ + CN- → Fe(CN)6

4- (yellow - low spin)

+ Fe(CN)6
4- → K2Fe[Fe(CN)6] (almost white)

Fe(CN)6
4- + Fe(H2O)6

3+ → Fe Fe(CN)6
-

Fe(H2O)6
2+ + HNO3 → Fe(H2O)6

3+  + NO2
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Fe(H2O)6
3+ ↔ Fe(OH)(H2O)5

2+ + H+ pK~ 2

Fe(OH)(H2O)5
2+ + H2PO4

-→ ”FePO4”(s) pH~3

FePO4 + 3H+ ↔ Fe(H2O)6
3+ + H3PO4

Fe(CN)6
3- + Fe2+ → Fe Fe(CN)6

-

Low spin (red)  Charge transfer

Fe3+ + nSCN- ↔ Fe(SCN)n
(3-n)+ (red) 

2 drops of 1 M KSCN to a dilute (colourless) solution of Fe(H2O)6
3+ 
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Heme (+ cytrochromes)

Heme 
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Iron – sulphur proteins

Redox reactive enzymes

e.g. in aconitase 
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Synthesis 1

Fe + H2SO4 → FeSO4·7H2O + H2(g)

Isolate as (NH4)2Fe(SO4)2·6H2O

purity check +SCN-

09.03.09 Inorganic Chemistry 8 JJ 14

Synthesis 2
3Fe(H2O)6

2+ + HNO3 + 3H+ → 3Fe(H2O)6
3+ + NO + 2H2O

Fe(H2O)6
2+ +  NO → FeNO(H2O)5

2+ (intensely brown)

Isolate as (NH4)Fe(SO4)2·12H2O

purity check + Fe(CN)6
3-

Fe Fe(CN)6
- only if Fe(II) present
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Ligand influence on potential

M│Mn+ (Cm)║L, Mn+ (Cm)│M

ΔE = Er – El = (RTln10/nF)log([Mn+]/Cm)<0

[Mn+]/Cm<1 because of the formation of MLx
n+

Hence ΔE becomes negative upon addition of L

Nernst

aA + hH+ + ze- → bB  (balanced !)
E = E0 + (RTln10/zF)log([A]a[H+]h/[B]b)

R = 8.314 5J/mol K; ln10 = 2.3026… ;F = 96485.3 C/mol

RTln10/F: nernst-factor (n-f)

0.1984 (toC+273.15)
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t 20 21 22 23 24 25

n-f/mV 58.16 58.36 58.56 58.76 58.96 59.16

Fe(III)/Fe(II)

E measured at a electron conducting wire

pure Au or Pt

E = E0 + (n-f)log([Fe3+ ]/[Fe2+]) - Eref

E- E0 + Eref = (n-f)log([Fe3+ ]/[Fe2+]) 

09.03.09 Inorganic Chemistry 8 JJ 18
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Potential differences!

• Reference electrodes:

• Ag/AgCl in KClsat E=0.244 V

• Hg/Hg2SO4 in K2SO4sat E=0.64 V

• Hg/Hg2Cl2 in KClsat E=0.199 V
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Ligand influence on potential

Fe3+ and Fe2+ in same solution , add bipy: 

4 reactions

1. Fe3+ + xbipy ↔ Febipyx
3+ 3βx

2. Fe2+ + xbipy ↔ Febipyx
2+ 2βx

3. Fe3+ +(3-2)e- ↔ Fe2+ E0 (Feaq6
3/2+)

4. Febipyx
3+ +e- ↔ Febipyx

2+ E0 (Febipyx
3/2+)
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Reactions rearranged

Fe3+ + xbipy   ↔ Febipyx
3+

+(3-2)e- 3βx +(3-2)e-

↨ E0 (Feaq6 
3/2+) ↨ E0 (Febipyx

3/2+)

Fe2+ + xbipy   ↔ Febipyx
2+

2βx

-ΔG0(red Feaq6 ) - ΔG0(form Febipyx
2+) = 

- ΔG0(form Febipyx
3+) - ΔG0(red Febipyx) 

1 · F· E0 (Feaq6
3/2+) + RTln 2βx = RTln 3βx + 1· F·E0 (Febipyx

3/2+)


