14.5 EXTRA QUESTIONS
1.
0.00125 mol of a compound was heated with an excess of a solution of potassium hydroxide and the ammonia evolved required 17.0 cm3 of 0.220 M hydrochloric acid for neutralisation. Which one of the following could be the formula of this compound?

A
BF3NH3

B
VCl3(NH3)3

C
CrCl2(NH3)2

D
[Be(NH3)4]Cl2

2.
(a)
Titanium can be prepared from titanium(IV) chloride by reduction with sodium or with 


hydrogen. Write an equation for the reduction in each case.

Reduction with sodium................................................................................................
Reduction with hydrogen.............................................................................................
(2)

(b)
Explain why titanium cannot be prepared by reduction of its oxide with carbon.

....................................................................................................................................
(1)

(c)
When titanium dissolves in concentrated hydrochloric acid, the violet [Ti(H2O)4Cl2]+ ion is formed. Deduce the oxidation state and co-ordination number of titanium in this ion.

Oxidation state...........................................................................................................
Co-ordination number................................................................................................
(2)

(d)
When a solution of the [Ti(H2O)4Cl2]+ ion is diluted with water, a substitution reaction occurs and the pink [Ti(H2O)6]3+ ion is formed.

(i)
Explain what is meant by the term substitution reaction.

............................................................................................................................

............................................................................................................................

(ii)
Construct an equation for this reaction.

............................................................................................................................

............................................................................................................................

(iii)
What change to the titanium ion is responsible for the colour change in the reaction?

............................................................................................................................

(3)

(e)
Draw the structures of the two isomers of [Ti(H2O)4C12]+.

(1)

(Total 9 marks)

3.
(a)
Give the formula, colour and shape of the complex ion formed when copper (II) oxide is dissolved in concentrated hydrochloric acid.

Formula.......................................................................................................................
Colour..........................................................................................................................
Shape...........................................................................................................................
(3)

(b)
When ammonia is added to a solution containing Cu2+(aq) ions, water molecules in the copper (II) complex are replaced successively by ammonia molecules.
This reaction is reversible.

(i)
Give an equation for the reaction in which the first water molecule is replaced by one ammonia molecule and write an expression for the equilibrium constant, Kc, for this reaction.

Equation. ........................................................................................................
Expression
(ii)
Values of Kc for the successive replacement of water molecules by ammonia depend on the number of water molecules replaced as shown in the table below.

	Number of water molecules replaced
	
1
	
2
	
3
	
4
	
5
	
6

	Kc
	1.8×104
	4.1×103
	9.5×102
	1.7×102
	3.0×10–1
	1.2×10–6



Use this information to deduce the formula of the complex ion which is 
least likely to be formed when an excess of concentrated aqueous ammonia is added to a solution containing Cu2+(aq) ions.

Formula.............................................................................................................
(3)

(c)
When potassium iodide is added to a solution containing Cu2+(aq) ions a redox  reaction occurs and a brown mixture is formed which contains a white insoluble copper compound.

(i)
Identify the species responsible for the brown colour.

...........................................................................................................................

(ii)
State the role of iodide ions in this reaction.

...........................................................................................................................

(2)

(Total 8 marks)

4.        
In order to determine the concentration of a solution of cobalt(II) chloride, a 25.0 cm3 sample was titrated with a 0.0168M solution of EDTA4–; 36.2 cm3 were required to reach the end-point. The reaction occurring in the titration is


[Co(H2O)6]2+ + EDTA4–  [Co(EDTA)]2– + 6H2O

(i)
What type of ligand is EDTA4–?

.......................................................……............................................................

(ii)
Calculate the molar concentration of the cobalt(II) chloride solution.

.......................................................……............................................................

.......................................................……............................................................

.......................................................……............................................................

.......................................................……............................................................

.......................................................……............................................................

.......................................................……............................................................

.......................................................……............................................................

(iii)
Suggest an alternative analytical method for determining the concentration of a solution which contains only cobalt(II) chloride.

.......................................................……............................................................

.......................................................……............................................................

.......................................................……............................................................

(7)

5.

You are provided with a solution which contains silver nitrate and copper(II) nitrate.  Describe, with brief experimental details, how you could obtain each of the following from this solution:

(i)
a solution containing copper ions but no silver ions;

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(ii)
a solution containing silver ions but no copper ions.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(6)
6.
When CuCl is dissolved in an excess of concentrated hydrochloric acid, a colourless solution containing the complex ion, [CuCl2]–, is formed. When hydrogen peroxide, H2O2, is added to this acidified solution, a green solution containing a copper complex ion, X, and water are formed. On the addition of a large excess of water, a blue solution containing the copper complex ion, Y is formed.

(a)
Give the oxidation state of copper in [CuCl2]–, give the electronic configuration of copper in this species and deduce why it is colourless.

Oxidation state............................................................................................................
Electronic configuration.............................................................................................
Deduction....................................................................................................................

(3)

(b)
Give the formula and shape of the copper complex ion X.

Formula.......................................................................................................................
Shape...........................................................................................................................
(2)

(c)
State the role of hydrogen peroxide in the formation of X.

.....................................................................................................................................

(1)
(d)
Construct a half-equation for the formation of water, as the only product, from hydrogen peroxide in acid solution.

.....................................................................................................................................

(I)

(e)
Write an equation for the formation of Y from X and identify the role of water in this reaction.

Equation......................................................................................................................
Role of water...............................................................................................................
(2)

(Total 9 marks)

7.
(c)
(i)
Describe what you would see if cobalt(II) chloride solution were treated with 


sodium hydroxide solution.  Give the formula of the cobalt-containing product.

Observation(s) .................................................................................................

Formula of product ..........................................................................................

(ii)
Describe what you would see if hydrogen peroxide solution were added to the mixture produced in part (c)(i).  Give the formula of the cobalt-containing product.

Observation(s) .................................................................................................

Formula of product ..........................................................................................

(4)

8.
(a)
Complete the electronic configuration of a cobalt (II) ion

Co2+ [Ar]..................................................................................................................

(1)

(b)
When cobalt (II) chloride is treated, under certain conditions, with the bidentate ligand, NH2CH2CH2NH2, (which can be represented by the symbol “en”), the compound [CoC12(en)2]Cl is formed.

(i)
What is the oxidation state of cobalt in the compound formed?

...........................................................................................................................

(ii)
What is meant by the term bidentate as applied to a ligand?

.........................................................................................................................

(iii)
What is the co-ordination number of cobalt in this compound?

.........................................................................................................................
(iv)
When this compound is treated with aqueous silver nitrate, only one mole of silver chloride is produced per mole of compound. Explain this observation.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

(5)

(c)
When hydrazine, NH2NH2, reacts with cobalt (II) chloride in aqueous solution, the compound CoCl2(NH2NH2)2 is formed. This compound has a polymeric structure in which cobalt is six co-ordinate and the cobalt ions are linked by hydrazine molecules. Draw the structure of the repeating unit of the polymer.

(2)

(Total 8 marks)

9.
The multidentate ligand represented as EDTA4– has the structural formula shown below. Four of the atoms which can bond to a metal ion are marked with crosses.
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(a)
On the formula above, mark with crosses, two other atoms which bond to metal ions when EDTA4– forms complexes.

(I)

(b)
Explain what is meant by a multidentate ligand.

(2)

(c)
EDTA4– is sometimes added to aqueous solutions of metal ions to prevent them forming precipitates in the presence of alkali.

(i)
Give the colour and formula of the precipitate formed when aqueous sodium hydroxide is added to aqueous copper(II) sulphate.

Colour of precipitate.........................................................................................

Formula of precipitate......................................................................................

(ii)
Deduce why this precipitate does not form if an excess of EDTA4– is added to the aqueous copper(II) sulphate before the aqueous sodium hydroxide is added.

............................................................................................................................

............................................................................................................................

(4)

(d)
The EDTA4– ion reacts with metal(II) ions according to the equation

[M(H2O)6]2+ + EDTA4–  [image: image2.wmf] [M(EDTA)]2– + 6H2O


In a titration, using a suitable indicator, a solution containing 0.0624g of hydrated copper(II) sulphate reacted exactly with 25.00 cm3 of 0.0100 M EDTA4– solution.


Use the data above to calculate the value of n in the formula of the hydrated copper(II) sulphate, CuSO4.nH2O.

....................................................................................................................................

....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

(6)

(Total 13 marks)
10.
(a)
Vanadium(IV) chloride is a Lewis acid.

Define the term Lewis acid.

...........................................................................................................................

(b)
When an aqueous solution of vanadium(III) chloride is treated with sodium carbonate, effervescence occurs and a precipitate forms. Deduce the formula of the gas and of the precipitate.

Formula of gas ...........................................................................................................
Formula of precipitate ...............................................................................................
(3)

11.
(b)
Solid CuCl2 forms a yellow-green solution when dissolved in an excess of concentrated hydrochloric acid.  When the yellow-green solution is poured into water, a blue solution is obtained.  When the yellow-green solution is treated with a reducing agent, a colourless solution containing [CuCl2– is formed.

(i)
Identify the species causing the yellow-green colour, state its shape and give the oxidation state of copper in this species. 

Yellow-green species.........................................................................................

Shape.................................................................................................................

Oxidation state of copper..................................................................................

(ii)
Write an ionic equation for the formation of the blue species from the one that is yellow-green.

...........................................................................................................................

...........................................................................................................................

(iii)
Explain why the species [CuCl2– is not coloured.

...........................................................................................................................

...........................................................................................................................

(5)

12.
(a)
State what is meant by the term co-ordinate bond.

...............................................................................................................................

...............................................................................................................................

(2)

(b)
Define the terms Brønsted–Lowry acid and Lewis acid.

Brønsted–Lowry acid ............................................................................................

Lewis acid .............................................................................................................

(2)

(c)
State what is meant by the term bidentate ligand.

..............................................................................................................................

..............................................................................................................................

(2)

(d)
State how the co-ordination number of cobalt(II) ions in aqueous solution changes when an excess of chloride ions is added. Give a reason for the change.

Change in co-ordination number ...........................................................................

Reason for change .................................................................................................

...............................................................................................................................

(2)

(e)
Suggest why the enthalpy change for the following reaction is close to zero.

[Co(NH3)6]2+  +  3NH2CH2CH2NH2    [Co(NH2CH2CH2NH2)3]2+  +  6NH3
...............................................................................................................................

...............................................................................................................................

(2)

(f)
Deduce the formula of the compound formed when ethane-1,2-diamine is treated with an excess of hydrochloric acid.

...............................................................................................................................

(1)

(Total 11 marks)

13.
A chemist was given three aqueous solutions of metal sulphates and asked to identify the cation present in each of the solutions. The table below shows the results of some tests that were carried out by the chemist.

	Solution
	Colour of Solution
	Result of reacting the solution with aqueuos sodium hydroxide
	Result of reacting an acidified solution with a strong oxidising agent

	A
	Blue
	Pale blue gelatinous precipitate
	No change

	B
	Pale pink
	Buff precipitate
	Purple solution

	C
	Green
	Green gelatinous precipitate
	Orange solution


(a)
Give the formula of the hydrated coloured ion in:

(i)
solution A;

...........................................................................................................................

(1)

(ii)
solution C.

...........................................................................................................................

(1)
(b)
Write a balanced equation in each case to show the reaction of:

(i)
solution A with excess aqueous sodium hydroxide;
...........................................................................................................................

(1)

(ii)
solution C with excess aqueous sodium hydroxide.

...........................................................................................................................

(1)

 (Total 4 marks)

14.
(a)
(i)
Distinguish between the terms Lewis base and reducing agent.

.......................................................……............................................................

.......................................................……............................................................

.......................................................……............................................................

(ii)
By means of an equation, in each case, show how a bromide ion can behave as a Lewis base in one reaction and as a reducing agent in another reaction.

Br– as a Lewis base ..........................................................................................

.......................................................……............................................................

Br– as a reducing agent ...................................................................................

.......................................................……............................................................

(4)

 (b)
Predict what you would observe, and give the formula of the chromium-containing product obtained in each case, when solid sodium carbonate is added to aqueous solutions of each of the following ions.

Cr3+(aq)

Observations with Na2CO3 .........................................................................................

Formula of chromium-containing product ..................................................................

Cr2+(aq)

Observations with Na2CO3 .........................................................................................

Formula of chromium-containing product ..................................................................

(5)

(Total 9 marks)

15.
(a)
The process of “blueprinting” involves the production of an insoluble blue pigment, known as Prussian Blue, by the reaction of iron(II) ions with potassium hexacyanoferrate(III).


Deduce a possible formula for Prussian Blue, given that analysis of the blue pigment shows that it contains 22.15% carbon, 34.46% iron, 25.85% nitrogen, 12.00% potassium and 5.54% water by mass. 

(4)

(b)
Consider the following sequence of reactions involving copper and its compounds. 
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(i)
Identify all the lettered species A to E.

(ii)
Write balanced equations and state the types of reaction taking place for Steps 1,2,3 and 6.

(iii)
Suggest why complex ions C and D are both colourless. 

(14)

(Total 18 marks)

16.

Describe and account for all the changes that occur when a solution of a copper(II) compound in concentrated hydrochloric acid is poured into an excess of water.

(7)

17.

Platinum, in its +2 oxidation state, forms several square planar complex ions with NH3 and Cl– as ligands. The salt, known as Magnus’ green salt, is composed of two of these complex ions, P and Q. The salt can be shown by elemental analysis to contain 65.00% platinum, 9.33% nitrogen, 2.00% hydrogen and 23.67% chlorine by mass.


The separated ions P and Q can undergo ligand substitution reactions as shown in the following scheme, to give four new complexes, R, S, T and U.
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Complexes R and S are ions, but T and U are uncharged. T and U are isomers of each other. An equimolar mixture of R and S gives the same elemental analysis as that for Magnus’ green salt. An identical analysis also results from equimolar amounts of T and U.

(i)
Deduce the formula for Magnus’ green salt (Mr = 600) and hence identify the two square planar complex ions, P and Q.

(ii)
Deduce possible structures for the complex ions, R and S.

(iii)
Write equations for each of the ligand substitution reactions for the conversions of R to T and S to U. Deduce possible structures for the two uncharged isomeric complexes T and U.

(17)

18.
Write equations to support your answers in all parts of this question.


The elements scandium to copper are called transition elements and have certain characteristic properties that arise from an incomplete d sub-shell in their atoms or ions.

Some of these properties can be demonstrated by the addition of an excess of concentrated 

hydrochloric acid to an aqueous solution of cobalt(II) chloride. List all the changes that 

occur which involve the cobalt(II) species and identify the characteristic properties which 

are features of transition metal chemistry illustrated in this reaction.

 (10)

19.
Write equations to support your answers in all parts of this question.


When copper(II) chloride dissolves in concentrated hydrochloric acid, a yellow-green copper-containing complex is formed.
When an excess of copper metal is added to this solution and the mixture is warmed, the complex species [CuCl4]3– is formed.
When the solution containing the complex [CuCl4]3– is poured into water, CuCl is formed as a white solid.


Identify the yellow-green copper-containing complex, write an equation for the reaction in which [CuCl4]3– is formed and deduce the role of copper in this reaction.
Explain why CuCl is not coloured.

(6)

20.
(a)
Explain the meaning of the terms multidentate ligand, complex ion, co-ordination number and ligand substitution of hydrated metal ions.

(4)

(b)
Tap water containing calcium hydrogencarbonate can be softened by boiling. The calcium hydrogencarbonate decomposes to form calcium carbonate which precipitates from solution. Also present in tap water is calcium sulphate which cannot be removed by this process. A better method of water softening is to complex all hydrated calcium ions using the sodium salt of the acid commonly referred to as EDTA. Its anion, EDTA4–, is shown below.
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The calcium ions are held in solution as the [Ca(EDTA)]2– complex ion.

(i)
Write an equation for the reaction of the EDTA4– ion with hydrated calcium ions. Predict and explain the sign of S[image: image6.wmf] for this reaction and comment on its likely magnitude.

(ii)
Describe the metal-ligand bonding in the complex ion, [Ca(EDTA)]2–

(iii)
A 50.0 cm3 sample of tap water containing calcium sulphate and calcium hydrogencarbonate required 18.6 cm3 of 0.0100 M EDTA for complete reaction. A second 50.0 cm3 sample required 11.6 cm3 of EDTA after being boiled for 20 minutes. Calculate the initial concentration, in mol dm–3, of both calcium sulphate and calcium hydrogencarbonate in the tap water. Calculate the mass of calcium carbonate that precipitated when the second sample was boiled

(13)

(c)
Ammonia and amines behave as ligands with metal ions.


Draw structures for the complex ions that are formed when hydrated chromium(III) ions react separately with an excess of ammonia, an excess of ethylamine and an excess of 1,2-diaminoethane. Write an equation for one of the reactions.

 (8)

(Total 25 marks)

21.
The reaction scheme below shows the conversion of epoxyethane into sodium ethanedioate.
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(a)
Identify compound X. State the reagents and conditions required to convert X into ethanedioic acid. Draw the structure of the anion in sodium ethanedioate.

(4)

(b)
The addition of sodium ethanedioate to an aqueous solution containing [Co(H2O)6]2+ ions results in the formation of a more stable complex ion. Draw the structure of the complex ion formed and explain, in thermodynamic terms, why this substitution reaction occurs.

(4)

(Total 8 marks)

22.
(a)
Give one example of a bidentate ligand.

..............................................................................................................................

(1)

(b)
Give one example of a linear complex ion formed by a transition metal.

..............................................................................................................................

(1)

(c)
Write an equation for a substitution reaction in which the complete replacement of ligands in a complex ion occurs with a change in both the co-ordination number and the overall charge of the complex ion.

..............................................................................................................................

(2)

(d)
Write an equation for a substitution reaction in which the complete replacement of ligands in a complex ion occurs without a change in either the co-ordination number or the overall charge of the complex ion.

..............................................................................................................................

(2)

(e)
When a solution containing [Co(H2O)6]2+ ions is treated with a solution containing EDTA4– ions, a more stable complex is formed.  Write an equation for this reaction and explain why the complex is more stable.

Equation...............................................................................................................

Explanation..........................................................................................................

..............................................................................................................................

(3)

(Total 9 marks)

23.


(a)
When aqueous copper (II) sulphate is added to a large excess of concentrated hydrochloric acid, the reaction represented by the equation below takes place.

[Cu(H2O)6]2+(aq)  +  4Cl–(aq) [image: image11.wmf]  [CuCl4]2–(aq)  +  6H2O(l)

(i)
Name the type of bonding between the copper ion and the water molecules in the complex ion, [Cu(H2O)6]2+.

...................................................................................................................

(1)

(ii)
State the shape of each of the complex ions.

[Cu(H2O)6]2+ ..........................................................................................

[CuCl4]2– .................................................................................................

(2)

(iii)
Describe the colour change which would be observed as the reaction takes place.

...................................................................................................................

(2)

(b)
(i)
Describe the changes which are observed when aqueous ammonia is added dropwise, until in excess, to aqueous copper(II) sulphate.

...................................................................................................................

...................................................................................................................

(2)

(ii)
Give the formula of the copper-containing complex ion which is present at the end of the changes described in (c)(i).

...................................................................................................................

(1)

(Total 8 marks)
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