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4
2  Acidified bromate(V) ions, BrO,~, oxidise bromide ions, Br~, to form bromine, Br,,.

6H*(aq) + BrO, (ag) + 5Br(aq) —» 3Br,(aq) + 3H,0()

This reaction was carried out four times using different concentrations of the three reaciants.
The initial rate of Br, formation for each reaction was caiculated and the results are shown below.

experiment [H*(aq)] [BrO,~(aq)] [Br{aqg)] initial rate
/moldm3 /moldm™3 /moldm—2 /moldm—2s1
1 0.300 0.050 0.250 1.68 x 1075
2 0.300 0.100 0.250 3.36 x 107°
3 0.600 0.050 0.250 6.72 x 1078
4 0.300 0.150 0.500 1.01 x 1074

(a) (1) For each reactant, deduce the order of reaction. Show your reasoning.

-------------------------------------------------------------------------------------------------------------------------------------------
..........................................................................................................................................

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

...........................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------

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

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

....................................................................................................................................... 6]
(ii) Deduce the rate equation for the reaction.
....................................................................................................................................... 1
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(i) Catculate the rate constant, k, for this reaction, Give your answer to an appropriate
number of significant figures and state the units for k.

rate constant, k= .......ceeevvvcnececss UNIS cevveirieeee e re s e [4]

(b) Suggest how the initial rate of bromine formation would be calculated from a
concentration—time graph.

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------

[Total: 13]
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3 Ethanoic acid, CH,COOH, is a weak acid.
| {(a) What is meant by a weak acid?

---------------------------------------------------------------------------------------------------------------------------------------------------

(c) Ethanoic acid fakes part in many typical acid reactions.

Complete the equations below for the reactions of ethanoic acid with Na,CO, and with Mg.

(d) The concentration of ethanoic acid can be found by titrating against a standard solution of
NaOH(aq).

CH,COOH(aq) + NaOH(agq) — CH,COONa(aqg) + H,O(l)

A student titrated 25.0cm? of ethanoic acid with 0.200moidm™ NaOH(aq). The NaOH(aq)
was added from a burette and the pH was monitored throughout.

The titration pH curve is shown below.
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acid.

(I} Use the information on page 6 to calculate the concentration, in mol dm=2, of tha ethanoic

concentration = ......uvvvvereens moldm™ [2]

(i) The pH ranges in which the colour changes for three indicators are shown below.

indlcator pH range
metacresol purple 7.4-9.0
bromophenol blue 3.6-4.6
indigo carmine 11.4-13.0

P € 0GH 2008

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

-------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------
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(e)
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Vinegar is an agueous solution of ethanoic acid. It can be prepared by oxidising the ethanol in
wine with oxygen gas.

CH,CH,OH(ag) + O,(g) — > CH,COOH(ag) + H,0()

A 750cm? bottle of wine was taken containing 79.2 g of ethanol. All of the ethanol in the wine
was oxidised to ethanoic acid using oxygen gas to make vinegar.

Calculate the pH of the vinegar at 25°C, showing all your working.
Assume that the only component in the wine having an effect on pH is ethanocic acid.

K, for ethanoic acid at 25°C = 1.70 x 10-5 moldm™S,

pH PO (-

I
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() Ethanoic acid can be used to make buffer solutions.

(i) State a compound that could be added to ethanoic acid to make a buffer solution.

e s eseses e sesr et eensesee e erene et aseesteamesaseraneseenes et ]

(ii) Explain how this solution acts as a buffer. Include equations in your answer,
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10
‘Sour gas’ is natural gas that is contaminated with small amounts of hydrogen sulphide, H,S.

The hydrogen sulphide can be removed by the Claus reaction. This convarts the hydrogen sulphide
in sour natural gas into sulphur.

The Claus reaction takes place in two steps.

Step 1: Some of the hydrogen sulphide is reacted with oxygen to form sulphur dioxide.

Step 2: The remaining hydrogen sulphide reacts with the sulphur dioxide to produce sulphur.

The sulphur can now be oxidised to sulphuric acid that has many uses.

(a) A sour natural gas stream contains 1.8% hydrogen sulphide by mass. The pipeline moves
100 tonnes of sour gas each day.

Calculate the mass, in tonnes, of sulphuric acid that could be oblained each day by completely
pracessing this hydrogen sulphide. 1 tonne = 10%g

mass of sulphuric acid = ... tonnes [3]

(b) Construct an equation for each step, Step 1 and Step 2, of the Claus reaction and use these
to construct an overall equation for the Claus reaction.

(3]
(c) Explain what happens in the two steps of the Claus reaction in terms of the oxidation states of
sulphur.
............................................................................................................................................... [3]
_@OCH 2008 —
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(d) The hydrogen sulphide can also be removed in an acid-base reaction by bubbling the
sour gas through an aqueous solution containing carbonate fons, CO,2". Two ions are formed.

Write a balanced equation for the reaction that takes place and identify the
conjugate acid-base paits.

(e) After removal of the hydrogen sulphide, the purified natural gas is odourless. A small amount of
organic sulphur compounds called thiols is added. The thiols give natural gas its characteristic

smell, without which a gas leak would be difficult to detect.

Thiols react in a similar way to alcohols and their composition is such that the oxygen atom in
the alcohol has been replaced by a sulphur atom, The thiol most fraquently added o natural

gas is butane-1-thiol.

Braw the structure of butane-1-thiol and suggest a balanced equation for one reaction of this

compound.

END OF QUESTION FAPER
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Answer all the questions.

1 The hydrolysis of ethyl ethanoate is a reversible reaction. The equation for the equilibrium is shown
below.

CH,COOC,H, + H,0 == CH,COOH + C,H;OH

A student mixed together 8.0 mol ethyl ethanoate and 5.0 mol water. He also added a small amount
of hydrochloric acid to catalyse the reaction.

The student left the mixture until it had reached equilibrium at constant temperature. He found that
2.0mol of ethanoic acid had formed.

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

[1]

(b) (i) Complete the table below to show the composition of the equilibrium mixture.

component CH,COOCH; H,O CH,COOH C,H;OH

initial amount/mol 8.0 5.0 0.0 0.0

equilibrium amount/mol 2.0

[2]

(ii) The mole fraction of CH;COOH can be found from the composition of the equilibrium
mixture.

Explain what is meant by the term mole fraction and calculate the mole fraction of
CH,COOH in the equilibrium mixture.

FerTe) =R icz 01110 ) 2 DNETT S

mole fraction of CH,COOH

[2]

® OCR 2008



3
(iii) Calculate K, to an appropriate number of significant figures. State the units, if any.

(c) The student left the mixture at a higher temperature until a new equilibrium had been reached.
He again measured the equilibrium amount of ethanoic acid and found that it had increased.

What conclusions can be drawn about the reaction and its equilibrium constant?

[Total: 11]
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2 Hydrogen peroxide, H,0,, is a strong oxidising agent that has bleaching properties.
(a) Hydrogen peroxide oxidises iodide ions, I"(aq), in the presence of acid, H*(aq).
The rate equation for this reaction is shown below.
rate = k[H,0,(ac)llI"(aq)]
Four experiments were carried out using different initial concentrations of H,0.(aq), ["(aq)
and H*(aq). The initial rate of formation of I,(aq) was measured for each experiment.
Some of the experimental results are shown in the table below.
experiment [H,0,(aq)] [I-(aq)] [H*(ag)] initial rate/moldm=3s"
/moldm=3 /moldm=3 /moldm=3
1 0.020 0.010 0.0050 2.30 x 107
2 0.040 0.010 0.0050
3 0.020 0.010 0.0025
4 0.100 0.005 0.0100

() Deduce the initial rates for experiments 2, 3 and 4. Complete the table.

[3]
(i) Use the results of experiment 1 to calculate the rate constant k for this reaction.
State the units for k.
rate constant, K= vccoecveeviicennnens UNIES oo cveenreeeeee 1)
(iii) The overall equation for this reaction is shown below.
H,O,(aq) + 2I(aq) + 2H*(aq) —— I,(aq) + 2H,0(1)
The rate equation is: rate = k[H,0,(aq)]lI"(ag)].
Explain what the overall equation and the rate equation iell us about the reaction.
....................................................................................................................................... [3]
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(b) Using the axes below, sketch a graph to show how the rate of this reaction changes with
increasing I-(aq) concentration.

A

rate of
reaction

0 —-
0 [I(aqg)] / mol dm—2 [1]

(c) Hydrogen peroxide is used in the preparétion of ‘carbamide peroxide’, widely used by dentists
as a 2.30mo!dm™3 solution for teeth-whitening.

Carbamide peroxide has the following percentage composition by mass.
H, 6.38%; O, 51.06%; N, 29.79%; C, 12.77%.
The empirical formula of carbamide peroxide is the same as its molecular formula.

Calculate the mass of carbamide peroxide that is required to prepare 150cm?® of a teeth-
whitening solution for use by dentists.

(5]
[Total: 15]
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6
Potassium hydroxide, KOH, is a strong alkali and vitamin C is a weak Bransted-Lowry acid.

(a) What is meant by a weak Bronsted-Lowry acid?

............................................................................................................................................... [2]
(b) An aqueous solution of KOH had a pH of 12.72 at 25°C.
K,=1.00 x 107""*molfdm= at 25°C.
(i) Whatis the expression for K 7
....................................................................................................................................... [1]
(i) Calculate the concentration, in mol dm™3, of this solution of KOH.
2]

© OCH 2008
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(c) Vitamin C, C4HgO, has a K, value of 6.76 x 10-5moldm™2.

The equilibrium for the dissociation of vitamin C in water is shown below.
CeHgOg(aq) = H*(ag) + CgH,O4(aq)
0.500¢ of vitamin C was dissolved in water to form a solution with a volume of 125 cmd.

Calculate the pH of the solution formed.

[6]
[Total: 11]
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In this question, one mark is available for the quality of use and organisation of scientific terms.
A buffer solution can be prepared by mixing together a weak acid with a salt of the weak acid.

The pK,, values of some weak acids are shown below.

weak acid pK,
chloroethanoic acid 29
methanoic acid 3.8
ethanoic acid 4.8
carbonic acid 6.4
boric acid 8.2

«  Explain what is meant by the term buffer solution.
. 'Explain, with equations, how a buffer solution works.

»  Choose from the table above the most appropriate weak acid that could be used to prepare
a buffer solution with a pH in the range of 3.5-4.5. Explain how you made your choice and
suggest a salt that could be added to this weak acid to prepare the buffer solution.

© OCR 2008




Quality of Written Communication [1]

[Total: 9]

TURN OVER FOR QUESTION 5

© OCR 2008 [Tu rn over




10

5 Calcium cyanamide, CaCN,, is an environmentally-friendly fertiliser commonly referred to as
‘nitrogen-lime’. It can be prepared in a three-stage synthesis using the readily available raw
materials, limestone (calcium carbonate) and coke (carbon).

Stage 1 The calcium carbonate is first converted into calcium oxide by heat.
Stage 2 The calcium oxide is heated with coke to form calcium carbide, CaC,.
Stage 3 Calcium carbide is reacted with nitrogen gas at a high temperature to produce

calcium cyanamide, CaCN,, and an element.

(a) Write balanced equations for the reactions that take place in the three stages of this
synthesis.

............................................................................................................................................... (3]
(b) Calcium cyanamide is an ionic compound.

Suggest a ‘dot-and-cross' diagram for the cyanamide ion, CN22‘.

The carbon atom is located between the two nitrogen atoms.

[2]

(¢) On making contact with water present in the soil, calcium cyanamide is hydrolysed.

Suggest an equation for this hydrolysis.

State the benefits of the hydrolysis products for the farmer.

............................................................................................................................................... (4]

© OCR 2068
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(d) The calcium carbide obtained in Stage 2 can also be reacted with water to prepare ethyne
gas, C,H,. Ethyne is commonly called ‘acetylene’ and is used in oxy-acetylene welding.

«  Write a balanced equation for the reaction between calcium carbide and water.

«  Calculate the volume of ethyne gas, measured at room temperature and pressure, r.Lp.,
that could be made from 20kg of limestone.

1 mol of ethyne occupies 24dm? at r.t.p.

«  Write a balanced equation for the reaction that takes place to produce the oxy-acetylene
flame during welding.

(5]

[Total: 14]

END OF QUESTION PAPER
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Answer all the questions.

The decomposition of gaseous hydrogen iodide to form hydrogen and iodine gases is a reversible
reaction.

2HI(g) == Hy(@) + Ly(g)

{(a) Write the expression for K for an equilibrium mixture of these three gases.

[1]

(b) A student added 0.50mol Hl(g) to a 1.0dm?3 container. The container was sealed and the

(c)

contents were allowed to reach equilibrium at constant temperature.
The student then analysed the equilibrium mixture and found that 0.11 mol I,(g) was present.

(i) Complete the table below to show the amount of each gas in the equilibrium mixture.

gas HI(9) Hx(9) L(9)
initial amount / mol 0.50 0.00 0.00
equilibrium amount / mol 0.11
[2]
(1)) Calculate K_ to an appropriate number of significant figures. State the units, if any.
O RTTITTITTITT units, if any .....ooveenii [3]

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.

© OCR 2009
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(d) The student repeated the experiment at a higher temperature and found that more 1,(g) was

(e)

© 0OCR 2008

present at equilibrium.

Comment on the value of K, and explain what additional information this tells you about the
reaction.

Hydrogen iodide gas is mixed with chlorine gas.
Two reactions take place forming different compounds of iodine, A and B.
Compounds A and B each contain I and Ci only.

. In the first reaction, compound A forms as a reddish brown liquid.
Compound A contains 78.15% of I by mass.

* Inthe second reaction, compound B forms as yellow crystals.
Compound B has a molar mass of 467 gmol™'.

Deduce possible identities for A and B and write balanced equations for their formation.

=0 [ = L ] OO

=T [T o O [5]

[Total: 15]
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4

The reaction between nitrogen monoxide, NO, and oxygen, O,, has the following rate equation.
rate = kK[NO(g)I[0,(9)]

(a) What is the overall order of this reaction?

(b) The reaction rate is 6.90 x 1077 mol dm™3 77 when

«  the concentration of NO(g) is 2.80 x 10~* mol dm™3
«  the concentration of O,(g) is 1.44 x 10 mol dm3,

Calculate the rate constant, k, for this reaction. State the units.

Give your answer to an appropriate number of significant figures.

rate constant, k= ..occoeecnieeennnne (T3 71 = S, [3]

{(c¢) The rate equation was determined experimentally.

(i) On the axes below, skeich a graph to show how the concentration of O, changes duting
the course of the reaction.

_ [Oa]
/mol dm™3

0 time

]

© OCR 2009
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(i) Explain how you wouid use the graph to determine the initial rate of the reaction.

(iii) How could you use the graph to confirm that the reaction is first order
with respect to O,?

(d) The experiment was repeated using different initial concentrations of NO.

(i) Using the axes below, sketch a graph to show how the initial rate of the reaction would
change with different initial concentrations of NO.

A

initial rate/
mol dm=3s~!

0 [NO} / mol dm=3
1]

(i) Predict, with a reason, what would happen to the rate when the initial concentration of
NO(g) is tripled.

PN L= o R e £ U 121 = LA ST PP ET SR e E TR SR L R LR LR

(iii) Predict what would happen to the rate when the initial concentration of NO(g) is doubled
and the initial concentration of O,(g) is tripled.
BN LT s e 8 B 2 = PSR RFPPPPSTRPPRU I SO CTEEI LTI P [11

[Total: 12]
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Sulphur dioxide is used as a wine preservative. Sulphur dioxide reacts with water forming
sulphurous acid, H,50;.

H,S0, is a weak Bronsted—Lowry acid.
H,80,(aq) == H*(aq) + HSO47(aq) K, =1.50 x 103 mol dm~ at 25°C

(a) What is the value of pK, for H,S0; at 25°C?

PR, = e 11

(b) (i) Write an expression for K for the equilibrium above.

(1]

(i) Use the expression for K, from (i) to calculate the pH of a 0.0265 moldm™ aqueous
solution of H,S0, at 25°C.

3]

(lii) The measured pH of 0.0265 moldm~3 sulphurous acid at 25°C is slightly lower than the
pH value calculated using the expression above.

Suggest a reason for this difference.

©QCR 2008
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(c) The constant K, has a value of 1.00 x 1074 mol?dm™* at 25°C.

() What name is commoniy given to K7

...................................................................................................................................... [1]
(i) Write the expression for K.
K, S romreeemueen e s [1]
(d) In aqueous solution, potassium hydroxide acts as a strong alkali.
Calculate the pH of 0.0265 moldm™3 KOH(aq) at 25 °C. Show your working.
[2]

(e) A student mixed 25.0cm® 0.0265moldm™ H,50,(aq) with 25.0cm? 0.0265 moldm—2KOH(aq).
«  The student evaporated the water from the solution and obtained a solid C.

The student then mixed together 25.0cm® 0.0265moldm™3 H,SO.faq) with 50.0cm®
0.0265 moldm~2KOH(aq).

+  The student evaporated the water from the solution and obtained a solid D.

Deduce the formulae of compounds € and D.

Write equations for their formation from KOH(aq) and H,SO4(aq).

formula of COMPOUNT ©: .....oee et s

BOUATION: «..eevvessaaeeeeereereseeceescrmsae b s bn e smmseae s e e e Ao s b E D AR

formula of COMPOUNG Di....cieieii et e
Yo U 12 A OSSP PP RS PR RIS 4]

[Total: 14]
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4  Alpha-hydroxy-acids (AHAs) are used in skin-care products. For effective treatment of the skin,
it is important that the pH of cosmetics is closely controlled. Products are sold in a buffered form
with different pH ranges for different uses.

Glycolic acid, shown below, is used as an AHA in many cosmetics.

O
HO

OH

glycolic acid

(a) Deduce the molecular formula of glycolic acid.

(b) Glycolic acid is manufactured in two stages.

+ Stage 1 Chloroethanoic acid, CICH,COOH, is reacted with aqueous sodium hydroxide.
» Stage 2 The resulting solution is acidified.

Write equations for each stage in the manufacture of glycolic acid.

Stage 1:

Stage 2:

[3l

©OCR 2009
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(c) In this question, one mark is available for the quality of use and organisation of scientific
terms.

A glycolic acid skin-care product has a buffered pH of 4.4.
The buffer contains a solution of glycolic acid and its sodium salt, sodium giycolate.

« Explain what a buffer is and how this buffer system works. Include equations in your
answer.
«  Calculate the proportions of glycolic acid and sodium glycolate in this skin-care product.

Glycolic acid has a K, value of 1.48 x 10-* mol dm™.

Quality of Written Communication [1]

TURN OVER FOR QUESTION 4(d)
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A chemist investigated compound E, CxHyOz, as a prospective cosmetic for skin-care.

A sample of 4.362g of compound E was analysed by burning in oxygen to form 5.119 g of
CO, and 1.575g of H,0. Mass spectrometry produced a molecular ion peak at m/e = 150.0.

Calculate the molecular formula of compound E. Show your working.

[5]

[Total: 19]

END OF QUESTION PAPER
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Chlorine dioxide, ClQ.,, is a liquid at room temperature and pressure.
In an aqueous solution it is used as a bleach.

4

(a) In aqueous solution, chlorine dioxide, ClO,, reacts with hydroxide ions, OH™.

This reaction is carried out three times using different concentrations of the two reactants.
The initial rate of each reaction is determined and the results are shown below.

experiment ol fmol . ol dm 5
1 0.010 0.030 6.00 x 107*
2 0.010 0.075 1.50 x 1078
3 0.030 0.030 5.40 x 1072

(i) For each reactant, deduce the order of reaction. Show your reasoning.

© OCH 2008
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(if) Deduce the rate equation for the reaction.

..................................................................................................................................... 1]
(ili) Calculate the rate constant, k, for this reaction. State the units, if any.
Give your answer to an appropriate number of significant figures.
rate constant, KX .....coveeeeeiiiieneeenes UNIES: veveeniee s vrrmaeeeneeees [3]

(b) The mechanism for this reaction takes place in several steps.

In the overall equation, 2 mol CIO, reacts with 2mol OH™ to form an aqueous solution
containing chlorate(III) ions and chlorate(V) ions.

Chlorate(Ill) ions have the formula ClO,™.

(i) How does the rate equation provide evidence that the reaction takes place by more than
one step?

[Total: 11]
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3 Benzoic acid, CgH,COOH, is a weak acid, used for preserving fruit juices.

The acid dissociation constant, K, of benzoic acid is 6.30 x 107° mol dm™3 at 25°C.

(a) Write the equation for the dissociation of benzoic acid when dissolved in water.

............................................................................................................................................. [1]
(b) Write the expression for the acid dissociation constant, K, of benzoic acid.
[1]
{¢) The solubility of benzoic acid in water is 3.40 g dm=3 at 25°C.
Calculate the pH of a saturated solution of benzoic acid in water at 25°C.
[5]

© OCH 2008
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(d) In this question, one mark is available for the quality of use and organisation of scientific
terms.

A buffer solution is needed for preserving fruit juice.

A chemist at the fruit juice company prepared a benzoic acid/sodium benzoate buffer with
concentrations of 0.105 mol dm— CgH;COOH and 0.125 mol dm—3 CHsCOONa.

«  State what a buffer solution is and explain how this solution acts as a buffer solution.
Include equations in your answer.

*  Calculate the pH of this benzoic acid/sodium benzoate buffer at 25 °C. Show all your
working.

Quality of Written Communication [1]

[Total: 16]
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8
Nitric acid, HNO,, is a strong acid which can also behave as an oxidising agent.
(a) Nitric acid reacts with bases, such as aqueous ammonia, NH(aqg), to form salts.
A 25.0 cm® sample of HNO,(aq) was placed in a conical flask.

NH,(aq) was added from a burette until the pH showed little further change.
The NH, concentration was the same as the HNO, concentration,

The pH curve for this titration is shown below.

Q- MNWRTON®LO

0 5 10 15 20 25 30 35 40 45 50

volume NH{aq) added / cm?3

(i) Deduce the concentration of the nitric acid.

(ii) How can you tell from this pH curve that aqueous ammonia is a weak base?

© OCR 200¢
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(iv)

v)

9

The pH ranges for four indicators are shown below.

indicator pH range ]
malachite green 0218
resazurin : 3.8-6.4
metacresol purple 7.4-9.0
alizarin yellow R 10.1-12.0

Which of these four indicators is most suitable for this titration?

The titration was repeated but using NH,(aq) with twice the concentration of the original
ammonia solution. :

What two differences would there be between this titration curve and the one shown in
part (a)?

(b) When nitric acid reacts with magnesium metal, different gases are formed, depending on the
concentration of the nitric acid. Each reaction producing a gas is a redox reaction.

(i)

(ii)

© OCR 2000

With very dilute nitric acid, H, gas is evolved.
With concentrated nitric acid, NO, gas is evolved.

Write a full equation and an ionic equation for the reaction of magnesium with very dilute -

nitric acid.
FUIL @OUEHION 1.1 vereec et iesces b o e b
Y Ty [V L15) 2 SRR e S T [2]

Use oxidation numbers to show the reduction that takes place when magnesium reacts
with dilute and with concentrated nitric acid.

IS NG .o

concentrated HNOy ..o ettt (21
[Total: 10]
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5 This question looks at some chemicals in everyday situations.

(a) Plaster of Paris may be used for setting broken limbs. The formula of Plaster of Paris is
CaS0,.%2H,0. When water is added, the Plaster of Paris sets as it forms CaS0,.2H,0.

What is the minimum mass of water needed to set 500 g of Plaster of Paris?

mass of water = ................ [21

(b) A bottle contains 0.60 g of nitrogen, N,. Anocther bottle of the same volume is filled at the
same temperature and pressure with 1.52 g of an unknown gas.
Suggest the molecular formula of the unknown gas.

molecular formula = .........coooieniiians [2]

© OCRH 2009
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(c}) An orange-flavoured drink contains citric acid.

The structure of citric acid is shown below.

OH
HO OH

0 OH

() Determine the molecular formula of citric acid.

(i) 25.0 cm?3 of the drink was titrated with NaOH(aqg).

21.35 cm?® of 0.00425 mol dm~3 NaOH(aq) was needed to reach the end point of the
fitration.

1 mol of citric acid reacts with 3 mol of NaOH.

A person drank 250 cm? of the orange-flavoured drink.
Calculate the mass of citric acid in 250 cm?® of the drink.

MASS CItHC CH = ..oovvver e ererrrr e nanre s e 51

[Total: 10]

END OF QUESTION PAPER
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Solutions of hydrogen peroxide, H,O,, are colourless and widely used as oxidising agents,
antiseptic and bleaches for hair and cloth.

Hydrogen peroxide reacts with iodide ions, 17, in the presence of acid, H*(aq), forming iodine, L,.

(a) Suggest a balanced equation for the overall reaction between H,0,(aq), I"(ag) and H*(aq) to
form aqueous iodine.

(b) Three experiments were carried out using different initial concentrations of H,0,(ag).
I-(aq) and H*(aq). The initial rate of formation of I, was measured for each experiment.

The experimental results are shown below.

opument | hOdeq) | el | pea) e,
1 0.050 0.010 0.005 5.75x 1078
2 0.050 0.020 0.005 1.15 x 1075
3 0.050 0.640 0.010 230 x 1075

() Showing all your reasoning, determine the orders of reaction for I"and H*.

(i} This reaction is first order with respect to H,O,,.

Use this information and your answers to (i) to write the rate equation for this reaction.

(iii) Calculate the rate constant, k, for this reaction. State the units for k.

rate constant, ki ......occovviereeeevivvmeeenenn, UMHES: coceeeeeeiiiie e 3]

©OCA 2010
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(c) Hydrogen peroxide readily decomposes to give water and oxygen.

Hydrogen peroxide is sold by volume strength. For example, 40 volume hydrogen peroxide is
used to bleach hair, fur and bones.

40 volume H,0, produces 40 volumes of oxygen gas, measured at room temperature and
pressure, r.t.p., for each volume of agueous H,0, solution.

(i) Construct an equation for the decomposition of hydrogen peroxide.

.................................................................................................................................... 1]
(ii) Determine the congentration, in mol dm~23, of 40 volume hydrogen peroxide.
1 mol of O,(g) occupies 24.0 dm? at r.t.p.
Show all your working clearly.
ANSWET = ceerveerrserneesensrssessecacesessanens mol dm~3 [3]

[Total: 14]
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3  This question looks at several acids.

(a) Hydroiodic acid, HI(aq), is a strong acid that is an aqueous solution of hydrogen jodide gas. In
the laboratory, hydreiodic acid is prepared by the method below.

A mixture of iodine and water is put into a flask. The mixture is stirred and hydrogen sulphide

gas, H,S(g), is bubbled through the mixture for several hours. The mixture becomes yelfow as
. sulphur separates out.

The sulphur is filtered off and the solution is purified by fractional distiftation.

A 225¢mP sample of hydroiodic acid is collected conlaining 47.2g of HI.

() Construct a balanced equation, with state symbols, for the preparation of hydroiodic acid
from iodine and hydrogen sulphide.

.................................................................................................................................... 2]
(i) Calculate the pH of the hydroiodic acid sample that is collected.
pH P ST LITEEEE [2]
(b) Ethanoic acid, CH;COOH, is a weak acid with a K, value of 1.70 x 1075 mol dm™.
(i) Write an equation for the dissociation of ethanoic acid.
.................................................................................................................................... [1]
(i) The concentration of ethanoic acid in a solution X was 2.74 x 1073 mol dm™.
Calculate the pH of solution X.
PH = o [3]

@ 0OCRA 2010
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(iii) When ethanoic acid is mixed with hydroiodic acid, an acid-base reaction takes place.

Complete the acid-base equilibrium that is set up and identify the acid-base pairs.

« label one conjugate acid—base pair as acid 1 and base 1,

« label the other conjugate acid-base pair as acid 2 and base 2.

(c) Methanoic acid, HCOOH, is an ant's main defence mechanism, squirted at potential intruders
and injected in ‘ant bites’.

(i) The recommended treatment for an ant bite is ‘bicarbonate of soda’, which contains
NaHCQO,,.

Suggest, with an equation, how NaHCO; helps to relieve the effect of an ant bite.

(i) Wasp stings are treated with vinegar. What does this suggest about the nature of the
active ingredient in a wasp sting? Explain your answer.

(i) Methanoic acid can be used in buffer solutions.

Calculate the pH of a buffer solution containing equal volumes of 0.75 mol dm~ methanoic
acid and 1.92 mol dm™2 sodium methanoate.

For HCOOH, K, = 1.60 x 10~* mol dm™3,

pH P P T LI carnen [2]
[Total: 16]
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()
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A student analysed an unsaturated branched carboxylic acid, A, using a titration procedure.
The student dissolved 1.368g of the compound in water and made the solution up to
100.0 c¢m?®. The student titrated 25.0cm? of this solution with 0.152 mol dm= NaOH. The
volume of NaOH(aq) required to reach the end-point was 19.80cm3,

Each molecule of A has one acidic hydrogen atom and it behaves as a monoprotic (monobasic)
acid.

« Calculate the molar mass of the unsaturated branched carboxylic acid A.

+ Determine the molecular formula and show two possible structural isomers of the
unsaturated branched carboxylic acid A.

[8]




9

(b) In this question, one mark is available for the quality of use and organisation of scientific
terms.

This question considers different graphs used in chemistry.

+  Explain how the shapes of rate—concentration graphs can be used to deduce the orders
with respect to reactanis.

«  Explain how acid-base titration pH curves can be used to suggest suitable indicators for
titrations of strong and weak acids with strong bases.

In your answer, include sketch graphs with labelled axes.

© OCR 2010 Turn over



Quality of Written Communication [1]

[Total: 17]

END OF QUESTION PAPER
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Answer all the questions.

The preparation of ethyl ethancate from ethanoic acid and ethanol is a reversible reaction which
can be allowed to reach equilibrium.

CH,COOH + C,H,OH == CHyCOOC,H, + H,0

(a) Write the expression for K_ for this equilibrium system.

[1]
(b) A student mixed together 8.0mol ethanoic acid and 14.5mol ethanol. A small amount of

hydrochloric acid was also added to catalyse the reaction. He left the mixture for two days to
reach equilibrium, after which time 1.5mol ethanoic acid remained.

(i) Complete the table below to show the equilibrium composition of the mixture.

component CH,COCH C,H.OH CH,COOC,H, H,O

initial amount/mol 8.0 14.5 0.0 0.0

equilibrium amount/mol

[2]

(i) Calculate K to two significant figures.

The total volume of the equilibrium mixture is 1.0dmd.

Kc e [21

© QCR 2010
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(c) The student added more ethanol to the mixture at constant temperature.

(i) State, giving a reason, what would happen to the equilibrium composition of the mixture.

(d) State, giving a reason, what would happen to the equilibrium position if the concentration of
the acid catalyst were to be increased.

{(e) The student repeated the experiment at a higher temperature and found that the value of K,
decreased.

Explain what additional information this tells you about this reaction.

[Total: 11]
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2 Nitrous oxide, N,0O, is a colourless gas with a mild, pleasant odour and sweet taste. It is widely
used as a propellant in aerosol cans of whipped cream.

(a) When heated strongly, nitrous oxide decomposes into its elements.
2N,0(g) — 2N,(g) + O4(9)

This reaction is first order with respect to N,O. This can be confirmed from the graph below
using half-lives.

1.000 T T T I O

i

-

0.900

0.800

]

0.700

11T
L

0.600 L

[N,O{(g)]/moldm™2  0.500 X

0.400

P

0.300 N

yd
|

0.200 S

0.100 B
0000 [ I ] | I I | I 1[I
0 50 100 150 _200 250

time/s

() What is meant by the haif-life of a reaction?

(i) Use this graph to show that this reaction is first order with respect to N,O.

State the half-life.

© OCR 2HO
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(iii) What would be the effect on the half-life of this reaction of doubling the initial concentration

of N,O?
.................................................................................................................................... 1]
(b) (i) Write down the rate equation for this reaction.
.................................................................................................................................... 11
(i) Use the graph to work out the rate of reaction, in moldm™ s~!, at 70 seconds.
Show your working on the graph.
FALE = ooverveecsreeevssmeeseemsasnnnna moldm=3s-1 [2]
(iii) Calculate the rate constant for this reaction. State the units.
K= eoieeseereeenene UNEST i 2]

(c) What evidence is there that the mechanism of this reaction takes place in more than a single
step?

© OGR 2010 Turn over
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(d) Nitrous oxide is formed when ammonium nitrate, NH,NO,, is gently heated.
NH,NO4(s) — N,O(g) + 2H,0())

() What mass of N,Q is formed by heating 1009 of NH,NO,?

{2]

(i) In this reaction, what happens to the oxidation number of each nitrogen atom in the
ammonium nitrate?

@ OCR 2010
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(e) Ammonium nitrate is prepared from nitric acid, HNO,, and ammonia, NH,.

Each year in the UK, 700000 tonnes of nitric acid are manufactured for the production of
fertilisers, dyes and explosives.

Nitrogen monoxide, NG, is an intermediate in the production of nitric acid from ammonia.

0
NH,4(g) 2(9) NO(g) + H,O(l)

HNO,(1)

N

() Construct a balanced equation for the formation of NO{g) from NH;(g).

(i) Assuming that 1mol NH, produces 1 mol HNQ,, and that all NH, is converted, calculate
the mass of NH, that is required to meet the annual demand for HNQO, in the UK.

1 tonne = 108g

ANSWET =\ eeeeeeeeiivseneeeeessemrsarrreeirrasaasessnnnis [2]

[Total: 18]
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3 A student carried out some practical work on acids and alkalis.

(a) The student measured the pH of agueous solutions of hydrochloric acid, HCI, and ethanoic

acid, CH,COOH. The results are shown below.

CH,COOH 0.0200

() Why are the pH values of the two acids different?

.................................................................................................................................... ]
(i) Calculate the value, including units, of K, for ethanoic acid.
ANSWET = +rvrrecreeesesecssmsssassessssessimaasannsa s ssrssanss 31
(iif) The student mixed together 25 em?® of 0.0200 moldm=2 HCI with 75 cm® of water.
Determine the pH of the diluted acid. Show your working.
1 TS 2]
(b) The ionic product of water, K, has a value of 1.0 x 1074 mol? dm.
(i) Complete the expression for K, below.
K, = coveeeeessssssssnssessamsss s 1
(i) Calulate the pH of 0.015moldm® NaOH(ac). Show your working.
1 n TSRS UL LR 2]

© OCR 2010



(¢) The student pipetted 25.0 em? of 0.0200 moldm™ CHSCOOH(aq) into a conical flask.

She then slowly added an excess of 0.0150moldm

50.00cm? of the alkali were added.

The pH of the solution was measured throughout with a pH meter.

The equation for the reaction is shown below.

CHSCOOH(aq) + NaOH(aq) — CHSCOONa(aq) + H,O(N)

() Sketch the pH curve for this titration on the grid below.

The initial and final pH values do not need to be shown accurately.

-3 NaOH(aqg) from a burette. In total,

14+

pH 7

0 10 20

30 40

volume of 0.0150 moldm~ NaOH(aq) added/cm?

50

13l

(i) This titration could be carried out using an indicator. The pH ranges for four indicators are

shown below.

indicator

pH range T

clayton yellow
thymol blue
brilliant yellow

resazurin
|

12.2-13.2
8.0-9.6
6.6-7.8
3.8-6.4

Expiain which of the four indicators is most suitable for this fitration.

© OCR 2012
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(d) In this guestion, one mark is available for the quality of use and organisation of scientific
terms.

The student prepared a puffer solution by mixing together 25 cm?® of 1.00 moldm=2 ethanoic
acid, CHSCOOH. and 25cm?3 of 1.00 moldm™3 sodium ethanoate, CHSCOONa.

« Explain what is meant by a buffer solution and how this ethanoic acid/sodium
ethanoate buffer solution works. Use equations in your answer.

« What would be the effect on the pH of this buffer solution if the CHSCOONa had

been twice the concentration of the ethanoic acid? Explain your answer. You do not
need to carry out any calculations.

Quality of Written Communication [1]

[Total: 21]
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11

Maleic anhydride, C,H,05, is an important industrial chemical.

(a) Maleic anhydride is produced on a large scale by passing a mixture of butane and air over a
hot catalyst.

)

(ii)

An incomplete equation for this reaction is given below.

Complete and balance the equation for this reaction.

Rl

Calculate the mass, in kg, of maleic anhydride that could be made by completely
converting 30m? of butane in this reaction.

1md =1000dm?  M(C,H,O4) = 98.0
Assume that gas volumes have been measured at room temperature and pressure.

1 mol of gas molecules occupies 24 dm? at room temperature and pressure.

(b) Maleic anhydride can be converted into tartaric acid by reaction with water and a suitable
oxidising agent. The structure of tartaric acid is shown below.

HO  OH

HOOC COOH

Deduce the empirical formula of tartaric acid.

©OCR 2010
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(¢) A student reacted an aqueous solution of tartaric acid with an excess of sodium carbonate,
Na,CO,.
23

(i) Complete the equation below for this reaction.

HO  OH
+ NagCO; —
HOOC COOCH
[2]

(i) Suggest another chemical, apart from a carbonate, that would react with an agueous
solution of tartaric acid.

Write an equation for your chosen reaction.

[3]
(d) Maleic anhydride can be prepared by the dehydration of maleic acid, HOOCCH=CHCOOH.

Suggest the structure of maleic anhydride.

1]
[Total: 10]

END OF QUESTION PAPER
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In this question, you should use knowledge, principles and concepts from different areas of
chemistry. (In this question, 1 mark is available for the quality of written communication.)

Compound A was analysed in the laboratory and was shown to have the composition by
mass K, 31.9%; Cl, 29.0%; O, 39.1%.

On gentle heating, compound A formed potassium chlorate(VII), KCIO,, and compound B
in a 3:1 molar ratio.

On strong heating, 0.250 g KCIO, was broken down into compound B and oxygen gas.

An aqueous solution of compound B formed a white precipitate, C, with aqueous silver
nitrate.

Showing all your reasoning,

¢ identify substances A-C, [6]
¢ write balanced equations for all reactions that took place, [3]
o calculate the mass of B formed from 0.250 g of KCIO,, [2]
« calculate the volume of oxygen formed, at room temperature and pressure. [2]

[Total : 13]
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principles and concepts from different areas of

4 In this question, you should use knowledge,
e for the quality of writfen communication.)

chemistry. (In this question, 1 mark is availabl

(a) The equation for the production of ammonia in the Haber process is shown below.

Ny(g) + 3Hy(g) = oNH,(g) AH=-92kJ mol™!

Explain why the conditions of temperature and pressure used in the Haber process

(450°C, 15 000kPa) are a compromise.

2816/01 502



(b)

9

An Alka-Seltzer tablet contains about 0.5¢g sodium hydrogencarbonate, NaHCO,, and
an excess of citne acid. When water is added to an Alka-Selizer tablet, carbon dioxide
gas I1s released.

The equation for the reaction that takes place is shown below. The formula of citric acid
has been simplified as H,A.

3NaHCO,; + HA — NasA + 3CO, + 3H,0

(i) Explain, using ionic equations, how the addition of water allows the release of
carbon dioxide from an Afka-Seltzer tablet.

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

(i) Calculate the minimum mass of criric acid that needs to be in an Atka-Selizer tablet
to ensure that all the sodium hydrogencarbonate reacts. (M, citric acid: 192)

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

[Total : 16]
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6

Some students were measuring the enthalpy changes for the neutralisation of 1 mol of different
acids with different alkalis.

(a) In a first experiment, a student investigated the neutralisation of hydrochloric acid, HCi(ag),
with aqueous potassium hydroxide, KOH(aq).

The student poured 200cm? of 2.00 moldm=2 hydrochloric acid into a plastic cup. He added
200cm® of 2.00moldm~2 potassium hydroxide and the temperature increased from 21 3°C

to 34.9°C.
(i) Calculate the energy, in kJ, produced in the reaction.

The specific heat capacity of aqueous solutions is 4.18Jg™" K.
The density of aqueous solutions is 1.00gcm™.

energy produced = ... kJ [2]

(i) Calculate the enthalpy change, AH, for the neutralisation of 1 mo!l of hydrochloric acid by
aqueous potassium hydroxide.

AH = ot kJmol~' [3]

@OCH 2009



(b) The enthalpy change that occurs when 1mol of water is produced by reacting an aqueous
acid with an aqueous alkali is the enthalpy change of neutralisation.

Write the ionic equation for the enthalpy change of neutralisation.

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

(¢) The enthalpy changes for the neutralisation of 1mol of three acids are given below.

» experiment 1

HNO,(aq) with NaOH(aq) AH = -57.3 kJmol™

» experiment2

HC K(aq) with NaOH{aq) AH = —57.3 kJmot™

« experiment3

CHLCOO0H(aq) with NaOH(aq) AH = —55.2 kJmol™

Explain why the enthalp
experiment 3.

© OCR 2009

y change is the same for experiments 1 and 2 but different for

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

[Total: 9]

Turn over
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Answer all questions.

1 Enthalpy changes of formation can be calculated using Born-Haber cycles.

(a) Construct a labelled Born-Haber cycle for magnesium chloride, MgCl,, using the
information below.

enthalpy change energy/kJ mol~

atomisation of magnesium +148
atomisation of chlorine +122
1st ionisation energy of magnesium +738
2nd ionisation energy of magnesium +1451
1st electron affinity of chlorine —349
lattice enthalpy of magnesium chloride -2526
formation of magnesium chloride ?

(5]

28151 Jan02
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(b) Use the Born-Haber cycle to calculate a value for the enthalpy change of formation of
magneasium chloride.

2]

(c) State and explain which compound has the most exothermic lattice enthalpy;
MgCL,, MgBr, or MgL,.

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

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

[Total : 10]

28151 Jan02 [Turn over



2

4

Iron in compounds commonly exists as Fe?* and Fe>*.

(@) Complete the electronic configuration of the Fe3* ion.

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

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

............................................................................................................................... (1]
(ii) State one example of iron or a compound of iron being used as a catalyst in
industry.
............................................................................................................................... [1]
(¢) Complete the following notes taken during a laboratory experiment.
Aqueous thiocyanate ions were added to aqueous iron(ill) ions.
The solution changed colour
{0 1 2P (o T PP SPR
EQUAHION: ..o eeeeeeememrcaist e cessam st e aa s s s s a bR s s b s (4]

(d) Aqueous manganate{VIl} ions were fitrated against 25.0cm® of 0.0500moldm™
Fe(ll) ions in acid solution.

5Fe?*(aq) + MnO,(aq) + BH*(aq) — Mn2*(aq) + 5Fe*(aq) + 4H,0()

The volume of agqueous manganate(Vil) ions required to reach the end point was
i2.3cmd.

(i) State the colour change observed at the end point.

(i} Calculate the concentration of the aqueous manganate(Vll) ions used in the
titration.

ANSWEN ... cecererne moldm=  [3]

[Total : 11]
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(b) Using complex ions of copper as examples, explain what is meant by the terms
complex jon and ligand.

Explain what is meant by ligand substitution, giving two examples that are accompanied
by a colour change and including equations in your answer.

Describe, using suitable examples, two different shapes of complex ions. [13]

[Total ; 15]

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

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

(a) (i) Explain what is meant by the term transition element.

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

............................................................................................................................... 1]
(i) Compiete the electronic configuration of the vanadium atom.
S22E22D5......evees s e enee e SRR R R 1]
(b) Aqueous transition metal ions can react with aqueous hydroxide ions.
(i) Compiete the table below.
metal ion | formula and state symbol of the colour of
product of the reaction with OH"(ag) | product
Fe?*(aq)
Fe3*(aq)
5]

(ii) Aqueous ammoenia reacts with water in the following way.
NH,(ag) + H,O() == NH,*(aq) + OH (aq)
When aqueous ammonia is added dropwise to aqueous copper(ll) ions, a very pale
blue precipitate is observed which disappears in excess ammonia to give a deep
blue solution.

Write equations to show the formation from aqueous copper(ll) ions of

the pale blue precipitate,

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

[Total : 11]
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4

The lattice enthalpy of caesium chloride, CsCl, can be calculated using a Born-Haber cycle.

The table below shows the enthalpy changes and corresponding data for this cycle.

enthalpy change energy/kJ mol™!
lattice enthalpy of CsCl A ?
atomisation of caesium B +76
atomisation of chlorine c +122
1st ionisation energy of caesium | D +376
1st electron affinity of chlorine E —349
formation of CsCl F —443

(a) On the cycle below, put the letter for each enthalpy change in the appropriate box.

Cs*(g) + Cl(g)+e”

T

Cs*(g) +3CL(g) + e~

T

Cs(g) + 2CL(9)

T
|

Cs(s) + 3CL{g)

v

Cs*(g) + Cl7(g)

Y

(b) Calculate the lattice enthaipy of caesium chioride.

» CsCl(s) [3]

ANSWET 1..vveieisinneescerssasnseseeannasens kdmol™!  [2]
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(¢) The lattice enthalpy of sodium chioride is more exothermic than the lattice enthalpy of
caesium chloride.

State and explain the relative strengths of the ionic bonding in sodium chloride and
caesium chioride.

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

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

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

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

(e) Describe how you would distinguish between aqueous caesium chloride and aquecus
caesium iodide using a simple laboratory test. State the observations you would make.

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

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

[Total : 13]
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The manganate(VHt) ion, MnO,", is a strong oxidising agent frequently used in laboratory

analysis. It reacts with the ethanedioate ion, C,0,2", in hot acidic solution to form CO, and
Mn2* ions.

MnO,” +8H* + 56™ — Mn?* + 4H,0
C,0,% — 2C0, + 2¢”

(a) Construct the full ionic equation for this reaction.

(2]

(b) Calculate the volume of 0.0200 moldm~3 potassium manganate(VIl) required to react
with 25.0 cm? of 0.0400 mol dm™ sodium ethanedioate.

13l
[Total : 5]
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Iron is a typical transition element.

(a)

(b)

(c)

Iron shows more than one oxidation state in its compounds.
Iron and its compounds are used as catalysts.

Complete the electronic configuration for an iron(III) ton, Fe3* and use it to explain
why iron is a transition element.

Fedt: 1822822p% ..o TSROSO

EXPIANGLON 11veeeivireereeeert it res st A R

State one use of iron or one of its compounds as a catalyst. State the name of the
catalyst and the reaction catalysed.

NAME OF CALAIYST ..vevemeiitieeerc bt e st e
rQACHON CALAIYSEU <o cemtree it s . 1

Under certain conditions iron can be oxidised to form sodium ferrate, Na,FeO,. This 1s
a red-purple coloured substance that has properties very similar to that of potassium
manganate(VII).

(i} Analysis of a sample of sodium ferrate showed that it contains the tfollowing
percentage composition by mass,

Na, 27.74%, Fe, 33.66% and O, 38.60%.

Show that these data are consistent with the formula Na,FeQ,.

(i) Deduce the oxidation state of iron in sodium ferrate, NaFeQ,.

For
Exarminer's
Use




(d) The half-equation for the reduction of ferrate ions, FeOf‘, in acidic conditions is
shown below.

FeO,2 + BHY + 48~ —> Fe?* + 4H,0

Acidified FeO,?(aq) ions oxidise agueous jodide ions, I~, to form agqueous iodine, L,

{i) Construct the half-equation for the oxidation of iodide ions to form iodine.

{ii) Construct the ionic equation for the redox reaction that occurs betwaen aqueous
FeO,?" and aqueous I” in the presence of H',

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

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

{iti) Predict the colour change you would see when aqueous Fe042‘ is added to an
excess of aqueous I~ in the presence of HT.

[Total: 10]
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8 For
Examner’s

4 In this question, one mark is available for the quality of written communication. ves
Iron forms complex ions such as [Fe(H,0) 2+ and [Fe(H,0)¢1**. ‘
e Describe and explain the bonding in, and the shape of, one of these complex ions.
o Explain why the H—O—H bond angle in water in an isolated gaseous molecule is ‘

different from that in the complex [Fe(H,O)gI**.

e Describe, with the aid ot suitable equations, how the two complex ions can be
distinguished by means of a chemical test.

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

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

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

Calcium carbonate thermally decomposes into calcium oxide and carbon dioxide as shown
in the equation.

CaCO4(s) — Cal(s) + CO,(g)

(a) Show that the thermal decomposition of calcium carbonate is not a redox reaction.
Use oxidation states in your answer.

(b) Magnesmm carbonate also thermally decomposes. Describe and explain the difference

(c) Calculate the enthalpy change of reaction, AH, for the thermal decomposition of
calcium carbonate using the enthalpy changes of formation given in the table.

compound | enthalpy change of formation, AH, / kJ mol~"
CaCOy(s) -1207
CaO(s) —635
CO,(g} ~393
ANSWEL eeevreeneerereresinniaaraeens kJ mol~! [2]

in the ease of thermal decompasition between magnesium carbonate and calcnu Ut

For
Exarminer’s
Use
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(d) The lattice enthalpy of magnesium oxide 1s 3916 kJ mol1.

Explain, with the aid of a suitable equation, what is meant by the statement the ‘lattice
enthalpy of magnesium oxide is ~3916kJmol™"",

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

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

(e) The table below shows the enthalpy changes needed to calculate the lattice enthalpy of

magnesium oxide.

enthalpy changej

process equation /kJ mol-!
first ionisation energy of
magnesium Mg(g} — Mg*(g) + e +735
second ionisation
energy of magnesium Mg*(g) — Mg?'(g) + e~ +1445
first electron affinity
of oxygen O + e — 099 —141
second electron affinity
of oxygen O(g) + e — 0*(g) +878
enthalpy change of
formation for
magnesium oxide Mg(s) + £ 0,{g) — MgO(s) —602
enthalpy change of
atomisation for
magnesium Mg(s} — Mg(g) +150
........................... z0,(9) — O(g) +247

() Complete the table by writing in the missing process.

)

(i) Explain why the second ionisation energy of magnesium is more endothermic
than the first ionisation energy.

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

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

2816/01 Jun03
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For
5 Examfr’ners
(iiiy Draw a labelled Born-Haber cycle using the information in the table. Show, by ¥

calculation, that the lattice enthalpy of magnesium oxide is —3916 kJ mol1.

[4]

() State one use for magnesium oxide that relies on its high lattice enthalpy.

[Total: 18] .
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(e) In the octahedral complex, [Cu(NHa)x(HQO)y]Z‘f, ammonia is a ligand.
() Explain why ammonia can behave as a ligand.

(i) The bond angle around the nitrogen atom in an ammonia molecule is 107° but itis
109.5° in the octahedral complex. Explain why the bond angles differ.

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

() Aqueous copper(ll) ions react with concentrated hydrochloric acid to give a yellow
solution of [CuC1,]?~(aq). This reaction is an example of ligand substitution.

() Write an equation to show the formation of [CuC 14]2'(30.).

{1l

(i) Draw the shape of the [CuCL,J*~ ion.

[1]

[Total: 15]
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Answer all the questions.

1 Iron is a transition element. It forms compounds in which the oxidation number of iron is +2, +3
or +6.

(a) Give the electronic configuration of Fe?* and use it to explain why ironis a transition element.

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

---------------------------------------------------------------------------------------------------------------------------------------------------

............................................................................................................................................. [1]
(b) Transition elements form complex ions.
Choose an example of a complex ion in which iron has the +2 oxidation state.
() Write the formula for your chosen complex ion formed by iron. (
..................................................................................................................................... 1]

(i) Draw the shape of your chosen complex ion. Indicate clearly the three-dimensional shape
and the bond angles.

(2]
(il) Describe the bonding wilhin your chosen complex ion.

-------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------

St
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3
Complex ions containing transition elements often undergo ligand substitution reactions.

Describe one ligand substitution reaction of a complex ion containing iron in the +3 oxidation
state.

Include in your answer:
*  an equation;

* the colour change that is seen during the reaction.

---------------------------------------------------------------------------------------------------------------------------------------------------

Describe how agueous sodium hydroxide can be used to dislinguish between aqueous
solutions of iron(I1} chioride and iron(111) chioride. Write an ionic equation, with state symbols,
for one of the reactions you describe.

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

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

............................................................................................................................................. (2]
FeO,%" reacts with Gt jons as shown in the following equation.

Fe0,2 + Cr** — CrO* + Fe?t
Use oxidation numbetrs to explain why this reaction involves both oxidation and reduction.
............................................................................................................................................. i2]

Feof“ decomposes in the presence of hydrogen ions, forming iron(l1l) iohs, oxygen and
water.

Construct the ionic equation for this reaction.

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

[Total: 14]
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4
2 Lattice enthalpy is a measure of ionic bond strength.

(a) Explain, with the aid of an equation, what is meant by the /lattice enthalpy of sodium oxide,
Na,O
,0.

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

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

(b) Magnesium oxide, MgO, is used to line furnaces.
Draw a Born-Haber cycle for MgO.
_ Include:
« siate symbols;

« names of the energy changes involved.

(5]

DTN
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5

(c) Describe and explain the difference between the laitice enthalpies of magnesium oxide and
magnesium carbonate.

.....
.....
e ————————— et s [2]

(d) Calcium carbonate Is dacomposed In a lime-kiln to make calcium oxide.

(i) Write an eguation for this decomposition.

[Totak: 12}
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3 Ethanedioic acid is a poisonous substance found in rhubarb leaves.

A sample of ethanedioic acid was isolated as hydrated crystals with the formula (COOH),.xH,0.

The value of x in (COOH),.xH,0 can be determined by its reaction with acidified manganate(VIl)
ions.

+ Stage 1 - A sample of known mass is added to a conical flask,

+  Stage 2 - The sample has 25.0cm? of 1 motdm™ sulphuric acid added to it.

+  Stage 3 — The contents of the flask are heated to 80°C.

=  Stage 4 — The hot contents of the flask are titrated against 0.0200 moldm™ MnO,~.
In stage 2 the hydrated crystals dissolve.

(COOH),xH,0(s) + (ad) —> (COOH),(aq) + XH,O()

In stage 4 the equation for the reaction between (COOH), and acidified MnQ,~ is shown below. (
5(COOH),(aq) + 6H*(ag) + 2MnO,~(aq) —> 2Mn?*(aq) + 10C0,(g) + 8H,O()
(a) Suggest what you would see at the end-point of this titration.
............................................................................................................................................. [1]
(b) Instage 1 a student used 0.120g of (COOH),,.xH,0.
In stage 4 the titre was 19.05cm?®.
Calculate the relative formula mass of (COOH),.xH,0. Hence determine the valug of x.
relative formula Mass = ..o
K = ieicercereeeeeeienuninn 4]

{¢) Ethanedioic acid also reacls with magnesium. Write down the formula of the organic product
of the reaction. ,

............................................................................................................................................. 1]
[Total: 6]
©OCR 2008 —
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2
Answer all the questions.

Oxy salts such as carbonates, nifrates and sulphates can thermally decompose.

a) Describe and explain how the decomposition temperature of batium carbona.te comrr: ;

(b) Magnesium nitrate, Mg(NQ,),, thermally decomposes 1o form magnesium oxide, oxygen and
nitrogen dioxide.

(i) Write the equation for this decompeosition.

............ ceeeereer et ee e es e eeereeem e e ot eesriseeneasreansessensnmensensersanesseersseermseosrnenens [1]

(i) Explain why the lattice enthalpy of magnesium oxide is much more exothermic than that
of magnesium nitrate.

....................... OOV P OUPU R SPPURPPRPURIR /-4 |
{c) Anhydrous iron(ll) sulphate thermally decomposes as shown in the equation below.
2FeS0,(s) —> Fe,04(s) + SO,(g) + SO49)

(i} Use oxidation nhumbers to show that this reaction involves both oxidation and reductior.

W




R

[ . 1

(i) The table below shows some enthalpy changes of formation, AH,.

substance AH,/kJ mot™
FeSO,(s) ~929
Fe,04(s) —826
S0,(g) 297
S04(g) -396

Use the data in the table to calculate the enthalpy change of reaction, AH,, for the
decomposition of 2 mol of iron(1l) sulphate.

2FeS0,(s) —> Fe,04(s) + SO,{g} + SO4(9)

AH, = i kJ mol™ [2]

(ili) An impure sample of hydrated iron(II} sulphate, FeSQ,.7H,0, is heated strongly until it
reaches constant mass.

A sample of 2.784 g of impure FeSO,.7H,0 gives 92.5cm? of sulphur dioxide measured
at room temperature and pressure. '

Calculate the percentage purity of the FeSO,.7H,0.
Quote your answer to an appropriate number of significant figures.
Assums that the impurities in the sample do not thermally decompose.

One mole of gas molecules at room temperature and pressure occupies 24.0dm?.

Yo PULILY = 1eveiirern st s 3]
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2  This question is about molybdenum and iron.

Molybdenum steel is extremely hard.
Molybdenum is made by heating molybdenum(V1) oxide, MoQ,, with aluminium powder.

(a) Construct an equation to show the reduction of molybdenum(VI) oxide to molybdenum metal
by aluminium,

(b) Molybdenum has the electronic configuration [Krj4d®5s? where [Kr] represents the electrortic
configuration for kryptan.

Complete the electronic configuration for Mo®* and use it to explain why molybdenum is a
transition element. _

EXPHANATION 1ot et e e e e b eSS e p R e ae s 1]

{¢) Molybdenum(IV) oxide, MoO,, can be oxidised by dichromate(V1) ions, Cr2072‘, under acidic
conditions.

The relevant half-equations are as foliows.
MoO,(s) + 2H,0(l) — MoO,2(aq) + 4H™(aq) + 2e”
Cr,0,%(aq) + 14H"(aq) + 66~ —> 2Cr**(aq) + 7H,0()
Construct the equation for the oxidation of MoO,, by Cr,0,?~ ions under acidic condltions.

---------------------------------------------------------------------------------------------------------------------------------------------------

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

- | .
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5

(d) Iron can form the ferrate(VI) ion, FeO,2".

(i) What is the formula for potassium ferrate(VI)?

(i) Aqueous ferrate(VI) ions can be made by the oxidation of iron(IH) oxide by chlorine in

HOCR 7008

alkaline conditions.
Fe,0, + 3Cl, + 100H" —> 2Fe0,% + 6CI™ + 5H,0
A 1.00g sample of Fe, O, is added to 10.0cm? of 4.00 moldm=— KOH.

Which reagent, Fe, O, of KOH, is in excess? Explain your answer.

3]

[Total: 8]
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3  This question is about oxides and chlorides.

(a) Complete the following table about some of the enthalpy changes needed to determine the
lattice enthalpy of calcium oxide.

Include the state symbols in equations for any process.

enthalpy change process

enthalpy change of formation of calcium oxide | Ca(s) + 1%0,(g) —> CaOls)

second ionisation energy of calcium

%20,(g) — O(g)

OY(g) + & —> 0% (g)

enthalpy change of atomisation of calcium (

(41

(b) promeegag 0! structure and bonding, why aluminium oxide has a much higher melting _
point than aluminiO eoreide ==

B T T T I

g

Neteaneanasanensasaaas D LI L] dsder iR EE N e s saNTaTanan B-dmsvrkviiriarssrarsaveneururERRans CEEEYTTTRT R |

{c) Compare the action of water on aluminium oxide with that of water on aluminium chloride.

eeereesssenenseseasseesemsasassesneneeee oot e . e . 3
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4 In this question, one mark is available for the quality of use and organisation of scientific terms.
Transition etements form complex ions that have gharacteristic colours.
Describe, using complex ions containing coppet,
«  the bonding within a complex ion

+  the shape of a complex lon clearly indicating retevant bond angles

» ligand substitution illustrating any reaction with an equation

« the colours of two different complex ions.

.................
......
e e e e b ereenee e ep e s Crerersre e SRR SRR
’w.
ettt ssR s ceoreriree s e neen rreeisenaeneenerens cerersrsanarieins
drAiesybhsTq AN ENEEREERIRERES PAdvsTaman AEgamansYSIARNERERINETNY NddBaLasnasusAn (SRR R YR EY ) Irdrdmrng LR LR LN AL amadrirebeabonund
Mraddbavds AN bARTRAIBAIRBEEVANRIIAIT AR lul--‘---n'l-.l‘ql--‘-'u‘uillnu---l---.‘-lql-l!-'l‘lb'lliI!IIII"II'--III!.Q"'llllIIl"'I‘-.-l'lln.‘l'IlﬁllII IIIIII
crersreesamsseensaeis corerr e s et e et ene e e y
..........
lllllll l.l"!llll!lllllll!lll.llll-lllllll‘l.!l-lltltillllnlIIl.l!l'llllllll(-llllllllll!ll!!'1l.-!.ll'.lll-l'-!l‘llllllIlll‘llIll.I‘lIAI.F“‘III."I."'
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vereeeennnenensees v et et bR Rt
............. bt s eesd e e e et en e Rer AR 1R R R C R L AR S b e snttnns
e aa e sr s OO OOPPES e e ST
v et ek res bR T b et sra R ereesereereee
e e st ernseiaenenens rereeees s ab Rt s e
v e R— SO reren st
errermse e et rnenes ST OORS e bR s et nnaras ,
.....
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[Total: 11]
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2
Answer all the questions.

Copper is a transition element. It forms compounds in which the oxidation number of copper is +1
or +2.

(a) Complete the electronic configuration of the copper(1l) ion, Cu2*.

(b) Transition elements form coloured complex ions. Choose an example of a coloured complex
ian in which copper has the +2 oxidation state.

(i) Write the formula of your chosen coloured copper(ll) complex ion.

.................................................................................................................................... [1]
(i) What is the colour of your chosen complex ion?

................................................................................................................................... [1]
(iii) Name and describe the bonding between the ligand and the metal ion within your chosen

complex ion.

.................................................................................................................................... [2]
{c} Aqueous sodium hydroxide is added to aqueous copper(II} sulphate.
(i) Describe what you would see.
.................................................................................................................................... [1]
(ii) Write an ionic equation for the reaction taking place.
.................................................................................................................................... [1]

© OCR 2009
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(d) A compound containing a copper complex ion was analysed. A sample was found to contain
0.938 g of potassium, 0.508 g of copper, 0.384 g of carbon and 0.448g of nitrogen.

(i) Calculate the empirical formula of the compound.

(2]

(ii) Suggest the formula for the copper complex ion.

[Total: 10]
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3 This question is about redox reactions of some compounds of transition elements.

(@) Chromium(I1l) ions can be oxidised by hydrogen peroxide under alkaline conditions.
The relevant half-equations are as follows.
H,O,(aq) + 2e —> 2 OH™(aq)
Cr3*(ag) + 8 OH<(ag) —> CrO,2(ag) + 4H,0() + 3¢~

Construct the equation for the oxidation of Gr*+ by H,O, under alkaline conditions.

© OCR 2008
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(b) Hydrated iron(lI) ammonium sulphate has the formula Fe(NH,)(50,),.xH,0.

The value of x in Fe(NH,),(S0,),.xH,0O can be determined by its reaction with acidified
manganate(VII) ions.

*  Stage 1 - A sample of hydrated iron(IT) ammonium sulphate of known mass is added to
a conical flask.

» Stage 2 - The sample has 25cm? of 1 moldm™ sulphuric acid added to it.

»  Stage 3 - The contents of the flask are titrated against 0.0200 moldm™3 MnO 4 -

In stage 2, the hydrated crystals dissolve.

Fe(NH,),(S0,),.xH,0(s) + (aq) —> Fe®*(aq) + 2NH,*(aq) + 250,74 (aq) + xH,0())

In stage 3, the equation for the reaction between Fe?* and acidified MnQ,~ is shown below.
5Fe?*(aq) + 8HT(ag) + MnO,~(aq) —> Mn?*(ag) + 5Fe3*(aq) + 4H,0()

In stage 1, a student used 0.907 g of Fe(NH),(SO,),.xH,0.

In stage 3, the titre was 23.15cm?.

Calculate the relative formula mass of Fe(NH,),(SO,),.xH,O. Hence determine the value
of x.

relative fOrmMUIE MASS = . .cv oo eevee st ee e eenm i eeeas
X S it 4]

[Total: 6]
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(b) In this gquestion, one mark is available for the quality of your spelling, punctuation and
grammar.

Lattice enthalpy is a measure of ionic bond strength.

* Distinguish, with the aid of equations, between the terms /affice enthalpy of sodium
oxide and enthalpy change of formation of sodium oxide, Na,O.

* Draw a labelled Born-Haber cycle. Include the names of all relevant enthalpy
changes.

Describe how the lattice enthalpy of sodium oxide can be calculated.

* Arrange the following compounds in order of their lattice enthalpies with the most
exothermic first. Explain your answer.

magnesium oxide potassium bromide sodium chloride

©® OGR 2009 Turn over
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[Total: 17]
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Answer all the questions.

1 The lattice enthalpy of an ionic compound can be determined using a Born-Haber cycle.

(a) Complete the following table which shows some of the enthalpy changes needed to calculate
the lattice enthalpy of barium oxide.

name of enthalpy change process

Ba(s) — Ba(g)

[4]
(b) Suggest why the lattice enthalpy of an ionic solid cannot be measured directly.
............................................................................................................................................ 1]
(c) The latiice enthalpy of barium oxide is more exothermic than that of barium carbonate.
Explain why.
............................................................................................................................................ [2]

@ OGH 2009
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6

(a) Hydrogen peroxide, H,O,, is sold as an aqueous solution.

The concentration of H,O,(ag) can be determined by its reaction with acidified manganate(V11)

ions.

Stage 1 — A 25.0cm? sample of H,O,(aq) is added to a 250cm? graduated flask.

Stage 2 — Sufficient distilled water is added to the graduated flask to make 250cm? of
diluted H,O.{aq).

Stage 3 — A 10.0cm?® sample of diluted H,0,(aq) is added to a conical flask.
Stage 4 — The diluted sample has 25.0cm? of 1 moldm™ sulphuric acid added to it.

Stage 5 — The contents of the flask are titrated against 0.0200 moldm=3 MnO,~.

In stage 5, the equation for the reaction between H,0,(aq) and acidified MnO,~ is shown
below.

5H,0,(aq) + 6H*{ag) + 2MnO,” (aq) — 2Mn2*(aq) + 50,(g) + 8H,0()

In stage 5, the titre was 28.55cm?3.

Calculate the concentration, in gdm™3, of the undiluted H,0,.

© OCR 2009
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(b) Aqueous iron(Il) ions, Fe?*, can be oxidised by hydrogen peroxide, H,O,, under acidic
conditions.

The reduction half-equation is as follows.
H,O,(aq) + 2H*(aq) + 26~ — 2H,0())

Construct the equation for the oxidation of Fe?*(aq) to Fe3*(aqg) by hydrogen peroxide under
acidic conditions.

(c) Describe, with the aid of an ionic equation, how aqueous sodium hydroxide can be used to
confirm the presence of Fe®*{aq) ions.

@ OCR 2009 Turn over
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(d) An unusual oxide of potassium is potassium superoxide, KO,. It contains the mole ratio of
one potassium ion to one superoxide ion. It is used in submarines to provide an emergency
supply of oxygen and to remove carbon dioxide from the air.

4KO, + 2H,0 —> 4KOH + 30,
2KOH + CO, —> K,CO, +H,0

In KO,, one of the oxygen atoms has an oxidation state of —1 and the other an oxidation state
of 0.

(i) What is the charge on the superoxide ion?

(i) The reaction between potassium superoxide and water involves both oxidation and
reducticn.

Use oxidation numbers to explain why.

(iii) What volume of carbon dioxide, measured at room temperature and pressure, can be
removed from air using 1.00kg of potassium superoxide?

One mole of gas molecules at room temperature and pressure occupies 24.0dm3.

volume of caron diOXIAE = ...covveeecceeeeeeeee e eseseae dm? [3]

[Total: 14]
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In this question, one mark is available for the quality of use and organisation of scientific terms.

One of the typical properties of transition elements is that they form complex ions.
*  State three other typical properties of the compounds or ions of a transition element.

»  Describe the bonding and shape of a complex ion containing iren. Include relevant bond
angles in your answer.

* Describe, with the aid of an equation, ligand substitution using an example taken from
the chemistry of iron or copper. Include experimental observations in your answer.

© OCR 2008 Turn over




Quality of Written Communication [1]

[Total: 12]

END OF QUESTION PAPER
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Answer all the questions.

2

1 The lattice enthalpy of caesium chloride, CsCl, can be calculated using a Born—Haber cycle.

The table below shows the enthalpy changes and corresponding data for this cycle.

enthalpy change label energy/kJ mol~1
lattice enthalpy of caesium chloride A ?

1st electron affinity of chlorine B —-349

1st ionisation energy of caesium Cc +376
atomisation of chlorine D +122
formation of caesium chloride E —443
atomisation of caesium F +76

(a) On the cycle below, put the letter for each enthalpy change in the appropriate box.

Cs*(g) + Cl(g) + e~

Cs(g) + Cl{g)

Cs*g)+Cl{9) ¥

Cs(g) + 7,CL(g)

Cs(s) + ,Ch(g)

CsCi(s)

© OCH 2010
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(b) Use the Born—-Haber cycle to calculate the lattice enthalpy of caesium chloride.

ANSWEL = ovevereeeeeeecreeseresesseeseeeenncens kJmol~" [2]

(c) State and explain the relative sizes of the lattice enthalpies in sodium chloride and caesium
chloride.

[Total: 8]
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Aqueous hydrogen peroxide, H,0,, is used to sterilise contact lenses. H,0, decomposes to make
oxygen and water, as shown in the equation below.

2H,0,(aq) = 2H,0(l) + O,(g}
(a) Decomposition of hydrogen peroxide is a redox reaction.

Using oxidation numbers, show that oxidation and reduction take place.

(b) The concentration of an aqueous solution of hydrogen peroxide can be determined by titration.
Aqueous potassium manganate(V1Il), KMnO,, is titrated against a solution of hydrogen
peroxide in the presence of acid.

The half-equation for the oxidation of H,O, is as follows.
H,0.{aq) — 2H*(aq) + O,(g) + 2~
The half-equation for the reduction of acidified MnO,~ is as follows.
MnO,~(aq) + 8H*(aq) + 56~ —> Mn?*(aq) + 4H,0())

(i) Construct the equation for the reaction between H,0,, MnQO,~ ions and H* ions.

©0CH 2010
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(ii) A student followed the procedure below:

»  Pipette 25.0cm? of aqueous hydrogen peroxide into a conical flask;
*  Add sulphuric acid to acidify the hydrogen peroxide;

« Titrate this sample against a solution containing 0.0150 moldm™3 MnO,~(aq)
ions.

23.35cm? of the solution containing MnQO,~(aq) ions is required.
2mol MnQ,~ reacts with 5molH,0,,.

Calculate the concentration, in moldm™3, of the aqueous hydrogen peroxide.

CONCENTANION = wovvvieiiceeeeee e e moldm™ [3]
(c) Acidified hydrogen peroxide oxidises Fe?*(aq) to Fe3+(aq).
Describe a simple chemical test to show the presence of Fe3(aq).
NAME OF TEAGENTE LISEA ..o s tin e s s s

1 0=Y= TR V7= 11 o IR U PSP

[Total: 9]
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4  Copper is an example of a transition element.

{a) Complete the electronic configuration for a copper(H) ion, Cu?*, and use it to explain why
copper is a transition element.

CUZH 1822822P8 ..ottt b e AR

L2301 F= (o] o OO S PP PPP

(b) In this question, one mark is available for the quality of spelling, punctuation and grammar.

Transition elements form complex ions.

© QCR 2010

Explain what is meant by the terms complex ion and figand.

Using complex ions of copper, give two examples of ligand substitution reactions that are
accompanied by a colour change. Include equations in your answer.

Describe, using suitable examples and 3-D diagrams, two different shapes of complex
ions.




Quality of Written Communication [1]

[Total: 15]

END OF QUESTION PAPER
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Answer all the questions.

1 The Born-Haber cycle below can be used to calculate the lattice enthalpy for barium oxide.

'y
first and second
electron affinities = +650 kJmol~!
of oxygen

y BaZ*(g) + 2~ + O(q)
enthalpy change
of atomisation = +248 kJmol™’
of oxygen

L Ba?*(g) + 26” + 3 O5(g)
second ionisation
enthalpy of = +965 kd mol!
barium lattice

enthalpy of
i Ba*{g) + e~ + %Oz(g) ba_rium
oxide
AHs = +503 kd mol™*
| i Ba(g) + 302()
AH, = +180kJ mol
Ba(s) + 302(0)
AH; = 554 kdmol™
y BaO(s) ¥

(@) (i)

(i)

©0CR 2610

Write down the name for each of the following enthalpy changes in the Born-Haber cycle
above.

Write down the missing formulae in the box at the top of the Born-Haber cycle.

Include state symbols. 1]
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(b) (i) Use the Born-Haber cycle to calculate the lattice enthalpy of barium oxide.

ANSWET = voreveereeeeeerrseeeeeneeenensseeneeees kIO [2]
(i) The lattice enthalpy of barium oxide is different from that of magnesium oxide.

Explain why these lattice enthalpies differ.

© OCR 2010 Turn over
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5

Dilute aqueous copper(Il) sulphate is a blue solution containing [Cu(H20)6]2+ complex ions.

Two ligand substitution reactions involving [Cu(H20)6]2+ are shown below.

A and B are two other complex ions of copper.

[Cu(Hz0)eI**
blue solution

HCl{aq)

NHs(aq)

Y

B
deep-blue solution

A
yellow solution

(a) (i) Draw a diagram showing the shape of the [Cu(HQO)S]2+ complex ion.

Include the bond angies in your diagram.

(2]
(i) Write the formula for:
Fote T ] o (= e L) o - U PP
complexion B .............. e eeaeeeiesttbssssEeseeeesseressrassssreeeeseeeeeceecesisREEERREEEsssREEEEEEiEEiieaeeeeeis [2]
(b) (i) Whatis meant by the term figand?
.................................................................................................................................... 11 .

(i) Explain, with the aid of a balanced equation, what is meant by the term figand substitution.

G OCR 201G

[Total: 7]
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Iron is a typical transition element.

(a)

(b)

(c)

*  |ron shows more than one oxidation state in its compounds.
e Iron and its compounds are used as catalysts.

Complete the electronic configuration for an iron(II) ion, Fe3*, and use it to explain why iron
is a transition element.

FEF: 1S22522D8 _...ouvietieeeee i eestsessae e s naee e ea e e d R s bR R e

EXPIANALION .eeeeei e e R e

Aqueous manganate(VII) ions were titrated against 25.0 cm? of 0.0500 moldm™2 Fe(II) ions in
acid solution.

8H*(ag) + 5Fe?*(aq) + MnO,(ag) —> Mn?*(aq) + 5Fe®*(aq) + 4H,0()
The volume of aqueous manganate(VII) ions required to reach the end point was 12.30 cmd.

(i) State the colour change observed at the end point.

(ii) Calculate the concentration of the agueous manganate(VII) ions used in the fitration.

Give your answer to three significant figures.

BNSWET = .oeoeeeeeeeeestsseeee e sisassereesen moldm™ [3]

©@O0CH 2010
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(d) Aqueous ferrate ions, FeOf‘(aq), have oxidising properties very similar to manganate(VII)
ions.

The half-equation for the reduction of aqueous ferrate ions, FeO 42‘(aq), in acidic conditions is
shown below.

8H*(aq) + FeO,2(aq) + 46~ —> Fe2*(aq) + 4H,0(l)
Acidified FeOf‘(aq) ions oxidise aqueous iodide ions, I(aq), to form agueous iodine, L,(ag).

(i) Deduce the oxidation state of iron in the ferrate ion, Fe042‘.

(iii) Construct the ionic equation for the redox reaction that occurs between FeOf‘(aq) ions
and [~(aq) ions in the presence of H*(aq).

BRL.

[Total: 13] ”
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