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The compound FeSO,.7H,0 can be used to kill moss in grass. lron(ll) ions in a solution of
FeS0,.7H,0 are slowly oxidised to form iron(111) ions.

(a) Describe a test to show the presence of iron(Ill) ions in a solution of FeSO,.7H,0.

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

(b) The percentage purity of an impure sample of FeSO,.7H,0 can be determined by titration
against potassium dichromate(VI), K,Cr,0,, under acid conditions, using a suitable indicator.

During the titration, Fe?*(aq) ions are oxidised to Fe®*(aq) ions.

e Stage 1 — A sample of known mass of the impure FeSO,.7H,0 is added to a conical
flask.

e Stage 2 — The sample is dissolved in an excess of dilute sulphuric acid.

e Stage 3 - The contents of the flask are titrated against K,Cr,O.(aq).
(i) The reduction half equation for acidified dichromate(V1) ions, Cr2072“, is as follows.
Cr2072‘(aq) + 14H*(aq) + 66~ —— 2Cr¥*(aq) + 7H,0(1)

Construct the balanced equation for the redox reaction between Fe2*(aq), Cr,0,%(aq)
and H*(aq).

............................................................................................................................................
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5
(i) In Stage 1, a student uses a 0.655 g sample of impure FeSO,.7H,0.

In Stage 3, the student uses 19.6 cm? of 0.0180 mol dm~2 Cr,0,?" to reach the end-point.
One mole of Cr2072“ reacts with 6 moles of Fe*.

Calculate the percentage purity of the impure sample of FeSO,.7H,0.

percentage purity ......oeeeeeenneen. [4]

[Total: 7]
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Dilute aqueous copper({ll) sulphate contains [Cu(H20)6]2+ ions.

(a) Concentrated hydrochloric acid is added drop by drop to a small volume of dilute aqueous
copper(ll) sulphate. The equation for the reaction taking place is as follows.

[CU(H20)6]2+(aq) + 4Cl(ag) — [CuClJ*~(aq) + 6H,0(1)

(i) Describe the observations that would be made during the addition of the concentrated
hydrochloric acid.

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

(b) Concentrated aqueous ammonia is added drop by drop to aqueous copper(1l) sulphate until
present in excess. Two reactions take place, one after the other, to produce the complex ion
[Cu(NHg),(H,0),I**(aq).

Describe the observations that would be made during the addition of concentrated aqueous
ammonia.

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

(¢) Ammonia is a simple molecule. The H—N—H bond angle in an isolated ammonia molecule is
107°.
The diagram shows part of the [Cu(NH,) 4(H20)2]2+ ion and the H—N—H bond angle in the
ammonia ligand.

‘,"II

H
C* <—N’ 109.5°

=

Explain why the H—N—H bond angle in the ammonia ligand is 109.5° rather than 107°.

...................................................................................................................................................
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Answer all the questions.

Cobalt readily forms complex ions in which the cobalt has an oxidation state of +2.

(a) One complex ion of cobalt is the hexaaquocobalt(II) ion [Co(HZO)G]z“' .

(i) What is the co-ordination number of Co?* in this complex ion?

............................................................................................................................ 1]
(i) Water is acting as a ligand. Explain the meaning of the term ligand.

............................................................................................................................ [2]

(b) [Co(H,0).J?* readily undergoes the following reaction.
2~
[Co(H,0)gl?*(ag) + 4Cl~(ag) = [CoCl,*"(aq) + 6H,0()

(i) What is the shape of each complex in this reaction?

[Co(H,0)s12 SNBPE vveveieieecteiet ettt b e et b et

[CoCl, >~ SNAPE vttt n et en [1]
(ii) What colour change would occur on going from left to right in this reaction?

fIOM e TO e [1]
(iii) What type of reaction is taking place when [Co(H,0)4J?* reacts with Cl~?

2~/e
............................................................................................................................ 1
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(¢) Co?* forms the complex [Co(NH,),CL,]. This complex exists as two sterecisomers.

(i) Draw diagrams to show the two isomeric forms of this complex.

(ii) What type of stereoisomerism is shown by this complex?

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

(d) Cobalt also forms a complex with the formula [Co(H,NCH,CH,NH,),CL,]. This complex
shows the same kind of isomerism as [Co(NH,),CL,] but it also shows a different type

of stereoisomerism.

Draw diagrams to show the two isomers of this different type of sterecisomerism.

[2]
[Total: 11]
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Chromium metal and its compounds have a number of important uses.

(a) State one use of chromium and explaip-Why chromium is sui or this purpos

(b) CrO,% ions and Cr,0,% ions are both oxidising agents. They exist in the following
equilibrium,.

2Cr0,%(aq) + 2H*(aq) = Cr,0,2(aq) + H,0()

(i) Show that this equilibrium does not represent a redox reaction.

............................................................................................................................ 1]
(ii) What colour change occurs in the forward reaction?

FrOM ceevii i (o TR NTPRIOUPO 1]
(iii) What reagent would you add to reverse this colour change?

............................................................................................................................ [1]

(c) CrQOTz“ ions oxidise I~ ions to I, under acid conditions according to the following
equation.

Cr,0,2-(aq) + 6I-(ag) + 14H*(ag) = 2Cr**(aq) + 3l,(aq) + 7H,O()

(i) If you carried out this reaction, how could you see that iodine is formed?

..................................................................................................................................
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(i) How could you use the formation of I, in this reaction to determine the N

concentration of a solution of Cr2072' ions?
In your answer

¢ state the method you wouid use

e state the reagents used

s show how you would use your resulits.

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

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

[Total: 9]
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The standard electrode potential of the %Clz/ Cl~ half-cell may be measured using the
following apparatus.

; (c) .
\_/
/\ salt bridge /\
Hz(g) —— i  a— D
B / - \\ TT— Cl"(aq)
\\
A

(a) Suggest suitable labels for A, B, C and D.

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

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

(b) The half cell reactions involved are shown below.

1ClL, + e = ClI~ E® = +1.36V

[}

HY + e = FH, E® = 0.00V

(i) Use an arrow to show the direction of flow of electrons in the diagram of the
apparatus. Explain your answer.

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

............................................................................................................................ 2]

(i) The values of E® are measured under standard conditions. What are the standard
conditions?

............................................................................................................................ (2]

2815/08 Jan06
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(c) The half cell reaction for ClO,™/ —;-Cl2 is shown below.
ClO;~ + BH* + 5~ = 3Cl, + 3H,0 E® = +1.47V
What does this tell you about the oxidising ability of CIO,~ compared with C1,?

Explain your answer.

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

..........................................................................................................................................
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Answer all the questions.

Methanoic acid, HCOOH, is a weak organic acid which occurs naturally in ants and stinging
nettles.

(a8) Use an equation for the dissociation of methanoic acid to show what is meant by a weak
acid.

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

(b) A 1.50 x 1072mol dm™ solution of HCOOH has [H*] = 1.55 x 10~3mol dm™3.

(i} Calculate the pH of this solution and give one reason why the pH scale is a more
convenient measurement for measuring acid concentrations than [H*].

.............................................................................................................................. 2]
(ii) Write the expression for K, for methanoic acid.
(1]
(iii) Calculate the values of K, and pK, for methanoic acid.
(3]

(iv) Estimate the percentage of HCOOH molecules that have dissociated in this
aqueous solution of methanoic acid.

(1]
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(¢) A student titrated the 1.50 x 1072mol dm™ methanoic acid with aqueous sodium v
hydroxide.
A 25.00cm?® sample of the HCOOH(aq) was placed in a conical flask and the NaOH(aq)
was added from a burette until the pH no longer changed.
(i) Write a balanced equation for the reaction between HCOOH(aq) and NaOH(ag).
.............................................................................................................................. 1]
(if) Part of the pH curve for this titration is shown below.
14
13
12
1
10
9
8
pH 7
6
5
41 &
3 A
2
1
0
0 5 10 15 20 25 30 35 40 45 50
volume NaOH(aq) added/cm?
Calculate the concentration, in mol dm™3, of the aqueous sodium hydroxide.
concentration = .....ccceeeveeeennne mol dm=3 [3]
(iiiy Calculate the pH of the aqueous sodium hydroxide.
K, = 1.00 x 10~"*mol dm™
PH = e [2]

2816/01 Janls




(iv) The pH ranges in which colour changes for three acid-base indicators are shown

below.

5

indicator pH range
metacresol purple 74~ 9.0
2,4,6-trinitrotoluene 11.5-13.0
ethyl orange 34— 48

Explain which of the three indicators is suitable for this titration.

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

..............................................................................................................................
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The preparation of hydrogen iodide, Hl{g), from hydrogen and iodine gases is a reversible
reaction which reaches equilibrium at constant temperature.

Hy(g) + 1,(g) = 2HI(g)

(a) Write the expression for K for this equilibrium.

(1]

(b) A student mixed together 0.30 mol H,(g) with 0.20mol I,(g) and the mixture was allowed
to reach equilibrium. At equilibrium, 0.14 mol H,(g) was present.

(i) Complete the table below to show the amount of each component in the equilibrium

mixture.
component H,(9) 15(9) Hi(g)
initial amount /mol 0.30 0.20 0

equilibrium amount /mol

(2]

(ii) Calculate K to an appropriate number of significant figures. State the units, if any.

units, if any

(c) The student compressed the equilibrium mixture so that its volume was reduced. The
temperature was kept constant.

Comment on the value of K and the composition of the equilibrium mixture under these
new conditions.

2816/01 Jan(6
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(d) The student repeated the experiment at a higher temperature and found that less Hi
was present at equilibrium.

Explain what additional information this tells you about the reaction.

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

(e) Hydroiodic acid, Hl{aq), is a strong acid that is an aqueous solution of hydrogen iodide.

In the laboratory, hydroiodic acid can be prepared by the method below.

A mixture of 480g of iodine and 600cm® of water was put into a flask. The
mixture was stirred and hydrogen sulphide gas, H,S(g), was bubbled through
for several hours.

The mixture became yellow as sulphur separated out. The sulphur was
filtered off and the solution was purified by fractional distillation. A fraction of
Hl(aq) was collected containing 440 g of Hi in a total volume of 750cm2.

(iy Construct a balanced equation, with state symbols, for the preparation of hydroiodic

acid.
.............................................................................................................................. [2]
(ii) Determine the percentage yield of hydroiodic acid.
(3]
(iii)y Calculate the pH of the hydroiodic acid fraction.
(2]
[Total: 17]
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In this question, one mark is available for the quality of use and organisation of scientific
terms.

Propanone reacts with iodine in the presence of dilute hydrochloric acid.

A student carried out an investigation into the kinetics of this reaction.

He measured how the concentration of propanone changes with time. He also investigated
how different concentrations of iodine and hydrochloric acid affect the initial rate of the

reaction.

The graph and results are shown below.

[CH;COCH;]
0 time
[CH,COCH,] [L,] [HY initial rate
/mol dm™3 /mol dm=3 /mol dm= | /mol dm=3 s~
1.5 x 1073 0.0300 0.0200 2.1 x107°
1.5 x 1073 0.0300 0.0400 4.2 x 1079
1.5x 1073 0.0600 0.0400 4.2 %109

The overall equation for the reaction is given below.
CH,COCH, + I, — CH,COCH,I + HI
This is a multi-step reaction.

¢ What conclusions can be drawn about the kinetics of this reaction from the student’s
investigation? Justify your reasoning.

*  Calculate the rate constant for this reaction, including units.

»  Suggest the equations for a possible two-step mechanism for this reaction. Label the
rate-determining step and explain your reasoning.

2816/01 Jan{8
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[Total: 14]
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