Hodder [Graham Hill and Andrew Hunt], Edexcel Chemisry A2.

Suggested answers to transition metal chemistry questions p178-9
Review Questions:

1) a) a catalyst that is in a different phase (or physical state) compared to its reactants. Transition metals can possess different oxidation states which are readily (easily) inter-convertible.

b) i) half-equations:  S​2O82-(aq) + 2e- ( 2 SO42-(aq),     2I- ( I2 + 2e-

overall equation:   S​2O82-(aq) + 2I- ( 2 SO42-(aq) + I2
ii) two negative ions must collide together to exchange electrons. Significant repulsion energy needs to be overcome. [( GERALDINE]
iii) Iron salts e.g. FeCl2 and FeCl3 contain iron ions, Fe2+ and Fe3+ respectively.

S​2O82-(aq) + 2Fe2+(aq) ( 2 S​O42-(aq) + 2Fe3+(aq)
2I- + 2Fe3+(aq) ( I2 + 2Fe2+(aq)
c) i) Elements in the latter part of the transition series only exhibit a few, easily interchangeable, oxidation states e.g Cu2+/Cu+ and Co2+/Co3+​​​‑. Beyond losing the two 4s electrons, to empty a rather full d-subshell becomes increasing difficult as there is stability associated with completely filled subshell. Because the (worth 2 marks?) 
ii) A large range of easily inter-convertible oxidation states occurs for elements in the middle of the transition series is elements due to the fact that after losing the 4s e-, they can achieve further stability by either moving towards a half filled subshell or completely empty subshell, or a half filled subshell and completely full subshell.(again, worth 2 marks?)
d) CO is a pollutant because it is toxic in low quantities. Catalyst = Pt (Not CO is a powerful ligand. The metal must be resistant to forming too strong a bond to the CO. Pt is a metal well known for its inert behaviour)
2 CO + 2 NO –(Pt cat)( N2 + 2CO2​
The reducing agent is that which causes a different species to be reduced. The R.A. itself is oxidised. CO is the reducing agent.

2) a) i) Sc atom = 4s2 3d1
ii) Cu atom = 4s1 3d10
iii) Cu2+ ion = 4s0 3d9
b) d-block element is an element in which it differs from the previous element by an electron in the d-subshell. A transition element is an element in which at least one of the naturally occurring ions contains a partially filled d-subshell.
c) i) [Cu(NH3)4(H2O)2]2+ is tetraamminediaqua copper (II)
ii) Distorted tetrahedral or distorted octahedral, [NOTE: but it seems to me that Hodder is expecting the answer Octahedral]

d) As a ligand approaches the Cu2+ ion to form a coordinate bond to produce the copper complex, Cu2+ d-orbitals which overlaps strongly with the ligand experiences greater repulsion than those ligand-orbital interactions with less overlap. Orbitals of greater repulsion therefore have a higher energy. The result is the d-subshell becomes split and the energy gap of the split corresponds to the energy of visible light. Electrons in the lower orbitals (of the split) can absorb light energy and become promoted into Cu2+’s half filled higher energy orbital – a process known as a d-d transition. The remaining frequencies not absorbed in the Cu2+ complex can be observed as (an overall) colour.

[Note: Try and contextualise the answer to talk about Cu2+ - don’t just give the general answer1]

3  a) 2 Cr + (-2 * 4) = - 2….   Cr=+6

b) Changes from an yellow coloured solution to an orange coloured solution.

2CrO42- (aq) + 2H+(aq)  (( Cr2O72- (aq) + H2O (l)
c) The new colour is a bluish green. The ‘simple’ ion is Cr3+(aq)
d) i) Cr2O72- (aq) + 14 H+ (aq) +   6 e-   ( 2 Cr3+ + 7 H2O (l)

ii) moles of Cr2O72- (aq) = concn x vol in L = 0.100 ( 20/1000 = 2(10-3 moles

iii) From the half-equation above, 1 mole Cr2O72- (aq) takes in 6 moles of e- so 6 ( 2(10-3 = 0.012 moles of e-

iv) moles of VOClx = 0.012 and moles of e- it must have supplied = 0.012 so 1 mole of V compound must have yielded 1 mole of e- to become vanadium +V O.S. Therefore the vanadium must have been in the +IV oxidation state. (as it lost one mole of e-)

v) Formula = VOCl2
4 a)
i) already defined above. “transition element” Should perhaps modify the definition to cater for the ‘metal’ part. So… “A species that donates electrons on reaction to form a cation, the d-subshell of which is partially full”.

ii) oxidation number – the measure of the effective electron loss. The ‘loss’ of electrons can be ionic (i.e. complete loss) or via covalent bond with a more electronegative atom which polarises electrons onto itself causing a ‘loss’ of electrons to neighbouring bonded atom. E.g. O and H. H is +1.

iii) a metal ion surrounded by ligands which are bonded to the metal via coordinate bonds, both electrons in the bond originating from the ligand.

b) Adoi! 9 marks!
The ions typically form complexes. Eg.

Anhydrous CuSO4(s) + excess H2O ( [Cu(H2O)6]2+ (aq) + SO42- (aq)
White coloured solid produces a pale blue solution

The complexed ion can then undergo deprotonation e.g.

 [Cu(H2O)6]2+ (aq) + 2 NaOH (aq) ( Cu(OH)2(s)

Pale blue solution forms a pale blue precipitate

The complexed ion can also undergo ligand exchange e.g.
 [Cu(H2O)6]2+ (aq) + 4 NH3 (aq) ( [Cu(NH3)4]2+(aq)

Pale blue solution forms a deep blue solution

Complexed ions, e.g. hexaaqua vanadium(III) can undergo reduction e.g.

2 [V(H2O)6]3+ (aq) + Zn (s) ( 2 [V(H2O)6]2+ (aq) + [Zn(H2O)6]2+
A green solution form a lavender solution. Note: must me done in the absence of air.
Ions can also undergo disproportionation.

Cu+(aq) ( Cu(s) + Cu2+(aq)

colourless solid Metallic redish-brown solid forms in a pale blue solution
Complexed ions can undergo oxidation
[Co(HN3)6]2+ (light brown solution) ( [Co(HN3)6]3+ dark brown solution
5 a) Species A =  [Cu(H2O)6]2+ (aq) 
Species B =  Cu(OH)2(s) 

Species C =  Mix of pale blue [Cu(H2O)6]2+ (aq) and yellow [CuCl4]2- (aq)
Species D =  [Cu(NH3)4]2+(aq)
b) The yellow-green solution would lose it’s yellow colour and turn increasingly into a pale blue solution. (which due to dilution would become less intense)
The reason is due to the equilibrium. [Cu(H2O)6]2+ (aq)  (( [CuCl4]2- (aq) eqm shifts to the right in high Cl- ligand concentration, and shifts to the left with high H2O concentration.
The greenish colour which is due to mixture of aforementioned yellow and pale blue complexes. This green colour is similarly lost as concentration of   [CuCl4]2- (aq) falls on dilution.  (6 marks???)
c)  [Cu(H2O)6]2+ (aq) + 2 NaOH (aq) ( Cu(OH)2(s)
EDTA forms 6 bonds per ligand molecule to the Cu complex - the ligand is hexadentate.

It surrounds the Cu2+ ion ‘shielding’ it from being attacked by other ligands. The 6 bonds are also fairly strong so EDTA does not break away from the Cu2+ ion easily. Consequently hydroxide (-OH ligands) cannot bond directly to the Cu2+. Secondly the Cu2+ ion also has no water ligands on it so any hydroxide ions present could not deprotonate the aqua ligand leading to (after twice deprotonating) the formation of the Cu(OH)​22 precipitate.
