Module 2815 Trends and patterns


The Chemistry of Iron
Redox reactions

The two most common oxidation states for iron are____________

with electronic configurations;

Which is the most stable? Why?

Colour

Fe3+ is reddish brown (think rusty)

Fe2+ is pale green

Precipitation reactions

As with copper, the addition of hydroxide ions to aqueous Fe2+ or Fe3+ causes a coloured precipitate to form.
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In this question, one mark is available for the quality of written communication.

Iron forms complex ions sueh as [Fe(H,0)gf* and [Fe(H,0)gl*

Describe and explain tne bonding in, and the shape of, one of these complex ions.

Explain why the H—O—H bond angle in water in an isolated gaseous molecue is
different from that in the complex [Fe(H,0)l%*.

Describe, with the aid of suitable equations, how the two complex ions can be
distinguished by means of a chemical test.




Fe2+(aq) + 2OH-(aq) 
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Copper is a typical transition element.
« Itforms coloured compounds.
Itforms complex ions.
« Ithas more than one oxidation state in its compounds.
(a) State one other typical property of a transition efement.
1

(b) Dilute aqueous copper(ll) sulphate is a biue solution containing [Cu(H,0)2* fons. A
ligand substitution involving [Cu(H,O)gJ2* is shown below.

[Cu(H0)gP* reagent X [CuCL P~
blue solution yellow solution

(i) Suggest a shape for the [CuCL,J2- ion. Include the bond angles in your diagram.

2

State the formula of the ligand in [CuC/, .

i) State the name or formula of reagent X.
-1

(iv)  Explain, with the aid of a balanced equation, what is meant by the term ligand
substitution.




Fe3+(aq) + 3OH-(aq)
Ligand substitution 

When water molecules act as ligands, a lone pair becomes a bonding pair. 

LP-LP > LP-BP > BP-BP

So the bond angles are different in a H2O ligand than in the uncomplexed species.

All aqueous solutions of Fe2+ and Fe3+ exist as complex ions;

Coordination number___

Shape ______________

ie [Fe (H2O)6]3+
Displacement by thiocyanate

Thiocyanate ions substitute one of the complexed water molecules in the hexa-aquo complex above. The resulting complex ion is blood red coloured.
[image: image3.png]3 Aqueous copper(Il) sulphate Gontains [Cu(H,0)¢/2* ions. Aqueous ammoria is added drop
by crop to a smal volume of aqueous copper(ll) sulphate. Two reactions take place, one
after the other, as shown in the equations.

[CU(H,O)¢l™*(au) +20H-(aq) — CU(OH),(s) + 6H,00)
Cu(OH),(s) + 2H,0() + 4NHy(aq) — [Cu(NHy),(H,0),**(aq) + 20H (aq)

(a) Describe the abservations that would be made as ammonia is added drop by drop until
itisin an excess.

2]

(b) Draw the shape for the [Cu(H,0)gf** lon. Include the bond angles in your diagram.

)

() Water is a simple molecule. The H—O—H bond angle in an isolated water molecule is
104.5°.

The diagram shows part of the [Cu(H,0)g* ion and the H—O—H bond angle in the
water igand.

cu* «— 0 )1

H

Explain why the H—O—H bond angle in the water ligand is 107° rather than 104.5°.




[Fe (H2O)6]3+ + SCN- 


The addition of excess thiocyanate can therefore be used to test for the presence of Fe3+(aq) 

The concentration can be measured by colorimetry (see next lesson), the more intense the colour, the higher the concentration of Fe3+
Catalysis

Iron is used as a heterogeneous catalyst in the Haber process where Nitrogen and Hydrogen are converted to Ammonia in a reversible reaction.
N2 + 3H2 
2NH3
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