TRANSITION ELEMENTS - PRACTICE

1 (a) One property of manganese that typifies it as a transition element is its ability to exhibit
variable oxidation states. What features of manganese allow it to do so0?
(2]

(b) Manganese commonly occurs as the ore pyrolusite, which is mainly manganese(IV)
oxide. This is the most usual starting material for the production of compounds of
manganese in other oxidation states.

Manganese(IV) oxide undergoes a 2-step reaction to produce compounds Y and Z.

oxidation in
alkaline medium hot water / CO, gas

2 brown black solid Y
MnO; > MnO, I > in a purple solution Z

(i) The brown black solid Y contains 63.8% by mass of manganese and 36.2% by
mass oxygen. Using these information, determine the empirical formula of Y.

(ii) Suggest the identity of Z and state the type of reaction that occurs at step II.
Construct a balanced equation for the reaction.

(iii)  With reference to your answer in (b)(ii), explain the role of bubbling carbon dioxide
gas into the hot solution of MnO,*.
[7]

2 (d) Haemoglobin is an oxygen-binding protein. The iron atom in the haemoglobin molecule is
surrounded by six ligand atoms, one of which is an oxygen atom from a water molecule.
This molecule is replaced by an oxygen molecule in oxyhaemoglobin as shown:

HO O N
| + O T~ | + H,0
N— Fe — N N—Fe — N
va |
N N
haemoglobin oxyhaemoglobin

(i) The iron atom in haemoglobin contains six 3d electrons. Deduce the oxidation state
of iron in haemoglobin.

(i) What change of oxidation number of iron, if any, occurs when haemoglobin is
converted into oxyhaemoglobin? Explain your answer.

[2]

(e) Another oxygen-binding protein, hemocyanin, found in octopus and horseshoe crabs
contains copper atom in its structure. Oxygenation causes a colour change in hemocyanin
from the colourless Cu(I) deoxygenated form to the blue Cu(II) oxygenated form.

With reference to the electronic configurations of copper in the two complexes, explain the
difference in their colours.

[4]
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(b)

(a)

Copper(Il) ion forms many complexes. When copper(Il) ion coordinates with polydentate
ligands, the complex formed has greater stability than one which is formed with
comparable monodentate ligands. This is known as the chelate effect.

Consider the following complex formation reactions:

I [Cu(H,0)e]*"(aq) + en(ag) === [Cu(en)(H,0)]* (aq) + 2H,0()
oI [Cu(H0)]*"(aq) + 2NH;z(aq) <—= [Cu(NH;)x(H20)s*"(aq) + 2H,0()

where ethylenediamine (en) = QHQ_CH_?

£

H,oN NH,

The standard enthalpy changes of reaction, AH,7, and the standard entropy changes of
reaction, ASZ, for the ligand exchange reactions I and II are as follows.

reaction AHZ / kJ mol™ AS?E 1 J K mol™
I -540 +23.0
1I —-46.0 -84

(i) How do the similar values of AH,® for reaction I and II relate to the changes that
occur at the molecular level?

(i) Explain why AS.® for reaction I is so different from reaction II.

(iii)  Calculate the standard free energy changes, AG,=, for reaction I and II and hence
explain why ethylenediamine complex exhibits the chelate effect.

(iv) “The chelate effect is an entropy effect.”

With reference to the Gibbs free energy equation and your answers in (b)(i), (ii)
and (iii), comment qualitatively on the statement.
[8]

Explain the following observations with the aid of equations.

()  When sodium hydroxide was added to a solution of iron(ll) ions, a green
precipitate was observed. On standing, in the presence of air, the precipitate
turned brown.

(i)  When iodide ions were added to aqueous iron(lll) chloride, a brown solution
was obtained. However, no such observation was seen when the experiment
was repeated in the presence of cyanide ions.

[6]

(c) Explain why a solution of Zn% ions is colourless but a solution of Fe?"is coloured. [3]

(d) An aqueous solution of Co?" is able to catalyse the reaction between iodide and

peroxodisulphate, S,05%.
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(c)

(b)

State the type of catalysis involved and explain why Co”" is suitable as such a
catalyst.

Explain, with the help of equations, how Co”" is able to catalyse the above
reaction.

(i)

(ii)

[4]

When aqueous ammonia is gradually added to an aqueous solution containing
Cu?* (aq), several observations are noted. Describe these observations and write
equations where appropriate.

State what will be seen when a few drops of dilute sulfuric acid are added to the
resultant solution in part (i).
[4]

Copper (1) sulfate is a white powder which reacts with water to give a blue solution and a
pink—coloured solid.

(i)

(ii)
(iii)

(ii)

By reference to the relevant E° data from the Data Booklet, identify the two coloured
products.

Describe the type of reaction undergone, and write a balanced equation.

What is the electronic configuration of copper in copper (I) sulfate? Explain why
copper (1) sulfate solution is not coloured whereas aqueous copper (Il) sulfate is.
[8]

State the full electronic configuration of the Mn?* ion.

When acidified potassium manganate(VII) is added to a solution of
ethanedioic acid, H.C,0,, the reaction proceeds at a very slow rate. When
a few crystals of manganese(Il) sulphate are added to the mixture, the
reaction speeds up and the colour changes from purple to red then finally
to colourless. The red colouration is found to be due to the formation of an
intermediate, Mn™*(aq).

The reaction may be represented as:

2MnOQ,4 (aq) + 5C,0,7(aq) + 16H*(aq) — 2Mn?*(aq) + 10C0O,(aq) + 8H,0(/)
By considering relevant E values from the Data Booklet and from the data
below, show by means of balanced equations, how Mn**(aq) ions can act

as a homogenous catalyst in the reaction.

2C0O, + 2" = C,0,.% E=-049V
151

The red colouration described in (a) is due to an octahedral complex ion formed
between Mn®** and C,0,%".

(i)
(ii)

(iif)

Explain what you understand by the term complex ion.

C,0,~ is a bidentate ligand. Suggest the formula of the complex formed
with Mn?*.

Explain why many transition metal complexes are coloured whereas
compounds of Group II metals are colourless.
[7]
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The colours of various vanadium ions are given in the table below.

Oxidation Number of . .
vanadiuim ions V v III II
Colour Yellow Blue Green Violet

(a) Use E° values from the Data Booklet, predict what colour changes will be observed
when copper is added separately and in excess to ammonium vanadate(V),
NH.VOs(aq), acidified with dilute sulfuric(VI) acid. Write balanced equation(s) for the
reaction(s) you predict will occur.

[3]

(b) Anhydrous copper sulfate, CuSQy(s), is a white powder that readily dissolves in
water.

(i) Describe and explain using balanced equations, what is seen when CuSQy(s)
is stirred with water.

(ii) Describe and explain the final colour change seen when an excess of NHs(aq)
is added to CuSOy(aq).
(4]

(a) Iron and some of its compounds are useful catalysts.

In the reaction between aqueous iodide and aqueous peroxodisulphate
(S20577), Fe**(aq) is used as a homogeneous catalyst.

$,08°7(aq) + 2I(aq) —» Ix(aq) + 2S047(aq)
(i) Explain the term homogeneous catalyst.
(ii) Which property of iron allows Fe®* to be a homogeneous catalyst?

(iii) By considering the relevant £ values from the Data Booklet,
explain, with the help of equations, how Fe3+(aq) is able to
catalyse the above reaction.

(iv) State two reasons why hexacyanoferrate(lll), [Fe(CN)6]3‘(aq),
another complex ion of iron, does not help to increase the rate of
the above reaction.

(v) Fe3+(aq) is yellow and [Fe(CN)g]S_(aq) is orange-brown. Explain
why these complexes are coloured.

There is a need to ensure that there is no leakage in the industrial setup for the
production of methanol. This is because carbon monoxide is toxic and can cause

brain damage or even death when breathe in.
(i) Explain, with reference made to haemoglobin, the toxicity of carbon monoxide.

(i) Suggest a method to reverse the effect of CO poisoning. [3]
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