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OCR (A) A2 Chemistry

6 Transition elements

1
(a)
(i)
An element that forms one or more stable ions ( that have partly filled d-orbitals. (


(ii)
1s22s22p63s23p63d64s2 (


(iii)
Fe2+: 1s22s22p63s23p63d6 (




Fe3+: 1s22s22p63s23p63d5 (

(b)
(i)
Fe2+(aq) + 2OH–(aq) ( Fe(OH)2(s) (




                                       Green precipitate (


(ii)
Fe3+ is more stable than Fe2+ and therefore iron(ii) compounds undergo atmospheric oxidation. ( The rust colour is due to Fe(OH)3 being formed. (

(c)
(i)
Cr2O72– + 14H+ + 6Fe2+ ( 6Fe3+ + 2Cr3+ + 7H2O (


(ii)
mols of Fe2+ = 0.0500 ( 20.0/1000 = 0.001 mol (




mols of Cr2O72– = 1/6 mols of Fe2+ = 0.001 ( 6 = 1.66 (( 10–4 mol (




volume of Cr2O72– = 1.66 ( 10–4 mol/0.01 mol dm–3 =  0.01667 dm3 = 16.67 cm3 (
2
(a)
A ligand is molecule/ion that donates a lone pair of electrons and forms a coordinate (or dative) bond with a central transition metal ion. (


A coordinate bond is formed between the ligand and the vacant d-orbitals of the central transition metal ion. The ligand supplies both electrons for the bond. (

(b)
(i)
The marking points for this question are:




cis–trans: named example (, give shape (, explanation of difference between cis and trans (, identify cis and trans correctly (



optical: named example (, explain multidentate ligand required (, explain isomers are reflections of each other (, indicate how the ligands are attached (
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An example of cis-trans isomerism is the square planar structure ( of:


Correctly identify cis–trans (

An example of cis–trans isomerism is the square planar ( structure of Ni(NH3)2Cl2 ( (any suitable example will get the marks e.g. cis–trans platin) has two different isomeric forms with the ammonia  molecules or chloride ions either being on opposite sides of the complex ion (the trans form) or alongside each other (the cis form). (

The bidentate ligand 1,2-diaminoethane (en) can be used to illustrate optical isomerism. The nickel 1,2-diaminoethane ion is an example. ( 1,2-diaminoethane forms two coordinate bonds( with the Ni2+ ion ( and they form non-superimposable mirror images of each other. (
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(c)
(i)
Stability constant is best defined by the expression Kstab = [CoCl4]2–/[Co2+][Cl–]4 ((


(ii)
The addition of an excess ( of chloride ions ( (usually from HCl(aq)) will convert [Co(H2O)6]2+ into [CoCl4]2–. 




The pink solution of [Co(H2O)6]2+ changes to a blue colour (showing that [CoCl4]2– had been made.

3
(a)
The electrons have to balance, hence for dilute acid:



Cu(s) ( Cu2+(aq) + 2e–; multiply by 3 ( 



4H+(aq) + NO3–(aq) + 3e– ( NO(g) + 2H2O(l); multiply by 2 (


3Cu(s) ( 3Cu2+(aq) + 6e–



8H+(aq) + 2NO3–(aq) + 6e– ( 2NO(g) + 4H2O(l)


Balanced equation is:



8H+(aq) + 2NO3–(aq) + 3Cu(s) ( 3Cu2+(aq) + 2NO(g) + 4H2O(l) (


For concentrated acid:



Cu(s) ( Cu2+(aq) + 2e–



2H+(aq) + NO3–(aq) + 1e– ( NO2(g) + H2O(l); multiply by 2 (


Cu(s) ( Cu2+(aq) + 2e–



4H+(aq) + 2NO3–(aq) + 2e– ( 2NO2(g) + 2H2O(l)



Balanced equation is: 



4H+(aq) + 2NO3–(aq) + Cu(s) ( Cu2+(aq) + 2NO2(g) + 2H2O(l) (

(b)
With dilute nitric acid, 3 mol of Cu will produce 2 mol of NO(g).



With concentrated nitric acid, 1 mol of Cu will produce 1 mol of NO2(g).



The amount in moles of copper reacted is 1.27/63.5 = 0.02. (


The amount in moles of NO2 gas produced is 320/24 000 = 0.0133. (


Mole ratio 
Cu
:
NO2 gas






0.02
:
0.0133






1.5
:
1 






3
:
2 (


3 moles of Cu produce 2 moles of gas and therefore the acid must be dilute. (
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