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II‘ Chiorine is an important industrial chemical.

(a)

(b)

Chlorine is formed when KMnOy reacts with hydrochloric acid.
The ionic equation for this redox reaction is

16H* + 2MnQ;~ + 10CIF —— 2Mn2* + 8H;O + 5CI»
(i)  Deduce the half-equation for the oxidation of chloride ions to chlorine.

(i)  Give the oxidation state of manganese in the MnO," ion.

(i} Deduce the half-equation for the reduction of the MnOy™ ions in acidified solution to
manganese(ll) ions and water.

Chlorine behaves as an oxidising agent in the extraction of bromine from seawater.
In this process, chlorine gas is bubbled through a solution containing bromide ions.

(i)  Write the simplest ionic equation for the reaction of chlorine with bromide ions.

(i) Give one observation that would be made during this reaction.

(i) Interms of electrons, state the meaning of the term oxidising agent.
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(c)

(d)
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In sunlight, chloring can also oxidise water slowly to form oxygen.

Write an equation for this reaction.
Give the oxidation state of chlorine in the chlorine-containing species that is formed.

Equation

(@

(2)
(Total 10 marks)

E The following pairs of compounds can be distinguished by simple test-tube reactions.

For each pair of compounds, give a reagent (or combination of reagents) that, when added
separately to each compound, could be used to distinguish between them.
State what is observed in each case.

(a)

Butan-2-ol and 2-methylpropan—-2-ol
Reagal st e

Observation with butan-2-ol
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(b)

(c)

(d)
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Propane and propene

3

(3

(3)
(Total 12 marks)
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IE For many years, swimming pool water has been treated with chlorine gas. The chlorine is added
to kill any harmful bacteria unintentionally introduced by swimmers. Pool managers are required

to check that the chlorine concentration is high enough to kill the bacteria without being a health
hazard to the swimmers.

When chlorine reacts with water in the absence of sunlight, the chlorine is both oxidised and
reduced and an equilibrium is established.

(a) Write an equation for this equilibrium.

For each chlarine-containing species in the equation, write the oxidation state of chlorine
below the species.

(2)
{b) The pool manager maintains the water at a pH slightly greater than 7.0
Explain how this affects the equilibrium established when chlerine is added to water.
(2)
(c) Explain why chlorine is used to kill bacteria in swimming pools, even though chlorine is
toxic.
Page 4 of 50 (2)
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IE‘ This question is about the chemical properties of chlorine, sodium chloride and sodium bromide.

(a)

(b)

Sodium bromide reacts with concentrated sulfuric acid in a different way from sodium
chloride.

Write an equation for this reaction of sodium bromide and explain why bromide ions react
differently from chloride ions.

e T e T e e
Explanation ........ sisassss siivsessnens winsa s wiasa s ssisise waiassisnsss s wainss

(3)
A colourless solution contains a mixture of sodium chloride and sodium bromide.
Using aqueous silver nitrate and any other reagents of your choice, develop a procedure to
prepare a pure sample of silver bromide from this mixture.
Explain each step in the procedure and illustrate your explanations with equations, where
appropriate.

(8)
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(c)  Write an ionic equation for the reaction between chlorine and cold dilute sodium hydroxide

solution.
Give the oxidation state of chlorine in each of the chlorine-containing ions formed.

(2)
(Total 11 marks)

A Ch
B CF
c &k
D

(Total 1 mark)

Which of these substances reacts most rapidly to produce a silver halide precipitate with acidified
silver nitrate?

A CHBr
B CH;ClI
C CHsF
D CHl
(Total 1 mark)
Page 6 of 50

For more help, please visit our website www.exampaperspractice.co.uk



Copper(ll) sulfate solution, together with copper(ll) carbonate (CuCQ3) powder, can be used to
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determine the identity of three solutions A, B and C. The three solutions are known to be
hydrochloric acid, barium chloride, and sodium chioride.

In Experiment 1 a small amount of copper(ll) carbonate powder was added to each of the three

solutions.

In Experiment 2 a dropping pipette was used to add 2 cm® of copper(ll) sulfate solution to each

of the three solutions.

The results of these experiments are shown in the table below.

(a)

(b)

(c)

Experiment 1 Experiment 2
Addition of copper(ll) Addition of copper(Il}
carbonate powder sulfate solution
Solution A no visible change white precipitate
Solution B no visible change no visible change
. effervescence e
Solution C (bubbles of gas) no visible change

Use the observations in the table to deduce which of the solutions, A, B or Cis
IVOROENIONIC ACK ueaisssonsmmmsunnsisissnamumarsnsssasns isans s 1s nuns snswananasuas s ssnuns snsnes svasss

Banum el e e e e

Explain why a precipitate was formed when copper(ll} sulfate solution was added to
solution A.

Write an equation for the reaction that occurred.

e R A N e s e e e e

Suggest the identity for the colourless gas produced when copper(ll) carbonate powder
was added to solution C.
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(d) ldentify the two reagents that could be used in a test to confirm that the solutions contained
chloride ions, not bromide ions. State what would be observed on addition of each reagent.

Reagentil co e s s
T o g e P e e
Reagant 2 s e e e s e
Observation 2 ................. P sessusane RN FRR TR e e verey Wk
]
(e) Copper(ll) sulfate is toxic. Suggest one safety precaution you would take to minimise this
hazard when wiping up a spillage of copper(ll) sulfate solution.
(1)

(Total 10 marks)

E Reactions that involve oxidation and reduction are used in a number of important industrial
processes.

{a) lodine can be extracted from seaweed by the oxidation of iodide ions.
In this extraction, seaweed is heated with MnO, and concentrated sulfuric acid.

(i)  Give the oxidation state of manganese in MnO,

m
(i)  Write a half-equation for the reaction of MnQ, in acid to form Mn?* ions and water as
the only products.
(1)
(i) Interms of electrons, state what happens to the iodide ions when they are oxidised.
(1)
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(b) Chlorine is used in water treatment. When chlorine is added to cold water it reacts to form
the acids HCI and HCIO
The following equilibrium is established.
Cla(ag) + HO(l) == H*(aq) + Cl(aq) + HCIO(ag)

(i) Give the oxidation state of chlorine in Cl, and in HCIO

Cla .............................................................................................
HEHE i s i b i s st e i
(2)
(i)  Deduce what happens to this equilibrium as the HCIO reacts with bacteria in the
water supply. Explain your answer.
(2)
(¢) Concentrated sulfuric acid is reduced when it reacts with solid potassium bromide.
Concentrated sulfuric acid is not reduced when it reacts with solid potassium chloride.
(i)  Write the two half-equations for the following redox reaction.
2H* + 2Br + H,.80; —* Br, + S0, + 2H.0
Half-equation 1
Half-equation 2
(2)
(i) Write an equation for the reaction of solid potassium chloride with concentrated
sulfuric acid.
(1)
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(i)  Explain why chloride ions are weaker reducing agents than bromide ions.

(2)
(Total 12 marks)

Desalination is a technique for making drinking water by the removal of salts from sea water. Itis
used in parts of the world where fresh water is in short supply. A problem with this technigue is
the increase in the concentration of salts, particularly of sodium chloride, in the effluent (the

solution returned to the sea).

Desalination uses a process called reverse osmosis. In this process, sea water under high
pressure is passed over a special membrane which allows only pure water to pass through it.

The owners of a desalination plant have asked for the effluent to be analysed at different
operating pressures. This is needed to find an approximate value for the maximum operating
pressure that gives an effluent that has a minimum harmiul effect on the environment,

A chemist sampled the effluent at different pressures. For each pressure, a 250 cm® sample of
effluent was taken in a measuring cylinder and poured into a weighed beaker. The water was
evaporated by heating and the beaker reweighed. The following results were obtained.

Experiment 1 2 3 4 5 6
Pressure / MPa 01 05 1.0 25 4.0 8.0
Ecd TN Dol 563 | 555 | 550 | s5. 553 | 563
heating / g

Beaker mass after

heating / g 62.5 64.9 65.3 66.8 67.5 69.4
Mass of solid in

beaker /g

Page 10 of 50
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Complete the table above to determine the mass of solid that remains in the beaker at each
pressure.

Plot a graph of mass of solid (v-axis) against pressure on the graph paper.

Draw a smoath curve through the points.
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(b)

(©)

(d)
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To minimise harmful effects on the environment, the concentration of sodium chloride in the

effluent should not exceed 44.0 g dm™3. Use your graph to find a value for the pressure, in
MPa, that the chemist should advise to be the maximum operating pressure.

Assume that all the solid left in the beaker is sodium chloride.

(1)

In Experiment 1 the 250 cm?® sample of the effluent contained the same amount of sodium

chloride as the original sea water. Calculate the concentration, in mol dm-=, of sodium
chlaride in sea water.

Assume that all the solid left in the beaker is sodium chloride.
Show your working.

For the measuring cylinder and the balance, the maximum total errors are shown below.
These errors take into account multiple measurements.

250 cm® measuring cylinder  #1.0 cm?®
balance +0.1¢g

Estimate the maximum percentage error in using these pieces of apparatus, and hence
estimate their combined error.

You should use the mass of the solid in the beaker in Experiment 1 to estimate the
percentage error in using the balance.
Show your working.

(2
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Consider your graph.

(i) Is the curve good enough to use with confidence to predict the intermediate values?
Explain your answer.

(1)
(i)  Identify the anomalous resulls, if any.
(1)
Give one reason why the owners of the plant were satisfied with the maximum operating
pressure determined in part (b) despite the combined errors you have calculated in part (d).
(1)
(i) Suggest one harmiul effect that effluent with a high concentration of sodium chloride
might have if it is returned to the sea.
(1)
(i) Suggest one low cost method of treating the effluent so that this harmful effect could
be reduced.
(1)
Bromine can be obtained by reacting the bromide ions in the concentrated sea water using
chlorine gas in a displacement reaction. Write an equation for this reaction.
Page 13 of 50 o
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The solid obtained by the chemist after healing the effluent to dryness was treated with
concentrated sulfuric acid. A vigorous reaction resulted, including the formation of a purple
vapour of iodine. Give one reason why this procedure could not be adapted to be an
economic method for producing iodine from sea water on an industrial scale.

(1)
Sea water contains some organic material. After removing all the water, by healing the
effluent samples strongly, it was noticed that the solid formed contained black particles.
These particles are insoluble in water.
On heating very strongly in air these parlicles burned to give a colourless gas.
(i)  Identify these black particles.

(1)
(i) Suggest how these black particles are formed by heating the effluent strongly.

(1)
(i) Suggest how a sample of the black particles could be separated from the solid

formed.

(2)
The water produced by some desalination plants is acidic due to the presence of
hydrochloric acid. Lime, Ca(OH);, is added to neutralise this acid. Write an equation for this
reaction.

(1)
Lime is used because it is relatively inexpensive and available in large guantities.
Identify one other large-scale use of lime.

(1)

(Total 22 marks)
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When chlorine gas dissolves in cold walter, a pale green solution is formed. In this solution,
the following equilibrium is established.

Cly(g) + HO(l) == H*(aq) + Cl"(aq) + HCIO(aq)

Give the formula of the species responsible for the pale green colour in the solution of
chlorine in water.

Use Le Chatelier's principle to explain why the green colour disappears when sodium
hydroxide solution is added to this solution.

(3
Cansider the following reaction in which iodide ions behave as reducing agents.
Cly{aq) + 21+(ag) — lx(aq) + 2CH(aq)
In terms of electrons, state the meaning of the term reducing agent.
Deduce the half-equation for the conversion of chlorine into chloride ions.
Explain why iodide ions are stronger reducing agents than chloride ions.
...................................................................................................................... 0
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(c)  When chlorine reacts with water in bright sunlight, only two products are formed. One of
these products is a colourless, odourless gas and the other is an acidic solution that reacts
with silver nitrate solution to give a white precipitate.

Write an equation for the reaction of chlorine with water in bright sunlight.

Name the white precipitate and state what you would observe when an excess of aqueous
ammonia is added to it.

(3)
{d) The reaction of chlorine with ethene is similar to that of bromine with ethene.
Name and outline a mechanism for the reaction of chlorine with ethene to form
1,2-dichloroethane, as shown by the following eguation.
H,C=CH, + Cl, — CICH,CH,CI
(5)

(Total 15 marks)
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For each of the following reactions, select from the list below, the formula of a sodium halide
that would react as described.

MNaF NaCl MNaBr Mal

Each formula may be selected once, more than once or not at all.

(a)

(b)

c)

(d)

This sodium halide is a white solid that reacts with concentrated sulfuric acid to give a
brown gas.

Formula of sodium halide ................. O e 5 v e 52 H assinssnatine .

(1
When a solution of this sodium halide is mixed with silver nitrate solution, no precipitate is
formed.
Formula of 30dium Ralde ........couemeiimmmmasssmesasm e s

(1)
When this solid sodium halide reacts with concentrated sulfuric acid, the reaction mixture
remains white and steamy fumes are given off.
Formula of sodium hallde ..........co i ssns s e s ssmsnssss senssns

(1
A colourless aqueous solution of this sodium halide reacts with orange bromine water to
give a dark brown solution.
Formula of sodium halide ................... PR EE DT ssaserssensass -

(1)

(Total 4 marks)
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Chlorine is a useful industrial chemical.

(a)

(b)

Chlorine gas is used in the manufacture of chlorine-containing organic compounds.

(i)

(ii)

Write equations for the following steps in the mechanism for the reaction of chlorine
with ethane to form chloroethane (CH,CHCI).

Initiation step

Give one essential condition and name the type of mechanism in this reaction of
chlorine with ethane.

B s Rl COTVCION = somssssises innsass sisios e sass saovsauiins o5 as sasn dors (o suamaps oaiaLs

TV OF MBI AN BT s v noe e enmencsnen s seenmsssnan e sasas nemmssns e snrassn s ssssan sasnse

Chlorine reacts with cold water.

i)

(ii)

(iii}

Write an equation for this reaction.

Give one large-scale application of the use of chlorine in water. Explain why it is used
in this application even though chloring is very toxic. Do not include cost.

Eatanmle Ot AP0 CaIN: ssi s foaiis s i s var e v 5 i va ey vaest s o
Explanation of use ....... T s Simssra: smsieees
Two different chlorine-containing compounds are formed when chlorine reacts with

cold, dilute sodium hydroxide solution. One of these compounds is sodium chloride.
Mame the other chlorine-containing compound formed.

Page 18 of 50
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(c) Chlorine is used in the extraction of bromine from seawater.

(i  Write the simplest ionic equation for the reaction of chlorine with bromide ions.

(1)
(i) Explain why bromine has a higher boiling point than chloring.

(2)
(Total 13 marks)

Complexes containing transition elements have a wide variety of uses including acting as
dyestuffs like Prussian Blue.

Cisplatin is a platinum-based chemotherapy drug used to treal various types of cancers. It was
the first member of a class of anti-cancer drugs that react with DNA in tumour cells.

Cisplalin is prepared from K;PtCl; according to the following scheme.

All the reactions shown are reversible.

I | Hs
- \ / excess Kl = \\ / MNH3 \ /
2 — K2 Pt —_—
/ \ Reaction 1 / \ Reaction 2 / \
I | Ha

Reaction3 |H,0

NH- HO NH, 2

Cl
\ / excass KCI \\ /
Pt -—— Pt
/ \ Reaction 4 / \\
Cl N H:0 NH
cisplatin
(a) Mame the type of reaction occurring in all four steps of the scheme.

1]
Page 19 of 50
For more help, please visit our website www.exampaperspractice.co.uk



=

EXAM PAPERS PRACTICE

(b) Explain why an excess of potassium iodide is used in Reaction 1.

(2)
{e) (i) Write an equation for Reaction 1.
(1)
(i} Calculate the percentage atom ecanomy for the formation of KzPtl, in Reaction 1.
Show your working.
(2)
{d) In Reaction 3, silver nitrate solution is added to improve the yield of product.
(i)  Write the simplest ionic equation for the reaction of iodide ions with silver nitrate.
(1)
(i)  Suggest why addition of silver nitrate improves the yield of product from Reaction 3.
(1
(e) Suggest two reasons, other than poor practical technigue, why the overall yield of cisplatin
in this synthesis may be low.
Reasonilico s nnkendan il i il caiisindiuilnnuis
R BTN 2 s s mains o wnss oy v Py A5 TR S S TSN SR W SO SR SRR S A VSRR
............... Page200f50 -
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() The cisplatin formed in Reaclion 4 is impure. Outline how the impure solid is purified by
recrystallisation.

(3
() Platinum compounds are highly toxic.
(i)  State why cisplatin is used in cancer treatment despite its toxicity.
0]
(i) Suggest a suitable precaution that should be taken by medical staff when using
cisplatin,
(1)

(Total 15 marks)

(a) Propanoic acid can be made from propan-1-ol by oxidation using acidified potassium
dichromate(V1). Propanal is formed as an intermediate during this oxidation.

(i)  State the colour of the chromium species after the potassium dichromate(V1) has
reacted.

1]

Page 21of 50
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(i)  Describe the experimental conditions and the practical method used to ensure that
the acid is obtained in a high yield. Draw a diagram of the assembled apparatus you
would use.

COTEAIONVE icainaionionti s i oo s A 4l SV i o b

Apparatus

(o]

(iiiy Describe the different experimental conditions necessary to produce propanal in high
yield rather than propanoic acid,

(2)

(b) Propan-1-ol is a volatile, flammable liquid.
Give one safety precaution that should be used during the reaction to minimise this hazard.

(1

{c) A student followed the progress of the oxidation of propan-1-ol 1o propanoic acid by
extracting the organic compounds from one sample of reaction mixture.

(i)  Give a chemical reagent which would enable the student to confirm the presence of
propanal in the extracted compounds.
State what you would observe when propanal reacts with this reagent.

Page 220f 50
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(i) Give a chemical reagent that would enable the student to confirm the presence of
propanoic acid in the extracted compounds.
State what you would observe when propancic acid reacts with this reagent.
Reagent

Observation

(2)
(d) Predict which one of the compounds, propan-1-ol, propanal and propanoic acid will have
the highest boiling point. Explain your answer.
Predielion .o mannn i s
o o ) e op vyt o ey e e S e e e ey
...................................................................................................................... ”

(Total 15 marks)

The presence of halide ions in solution can be detected by adding silver nitrate solution and
dilute nitric acid.

{a) State the purpose of the nitric acid in this test.

(1
(b)  Explain how the addition of an ammonia solution can be used to confirm that a precipitate
is silver bromide.
(2)
(Total 3 marks)
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The table below shows observations of changes from some test-tube reactions of aqueous
solutions of compounds Q, R and S with five different aqueous reagents. The initial colours of the

solutions are not given.

BaCl; + AgNO; + NaOH Na,CO, HCI (conc)
HCI HMNO;
a no change | pale cream white white no change
observed precipitate precipitate precipitate observed
rezir"ittzle T
R no change white ;smzes i;l precipitate, | no change
observd precipitate Hlne bubblz: ofa| observed
NaOH 9
brown
s white no change brown precipitate, yellow
precipitate observed precipitate | bubbles of a solution
gas

(a) ldentify each of compounds Q, R and S.
You are not required to explain your answers,

IO o oo s cmtis i smos e s s s as e s Bosaae e de N e s S o s e

(6)
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(b)  Write ionic equations for each of the positive observations with S.

(4)
(Total 10 marks)

This question is about Group 7 chemistry.

(a) Seawateris a major source of iodine.
The iodine extracted from sea water is impure. It is purified in a two-stage process.

Stage 1 lo + 2H,0 + SO, —* 2HI + H,50,
Stage 2 2H + Cd, — lz + 2HCI
(i)  State the initial oxidation state and the final oxidation state of sulfur in Stage 1.

(ii)

Oxidation state of S in SO,

Oxidation state of S in HaBO0, ..o s i st s sinsian s

(2)
State, in terms of electrons, what has happened to chlorine in Stage 2.

(1

Page 25 of 50
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When concentrated sulfuric acid is added lo potassium iodide, iodine is formed in the
following redox equations.

8KI + 9H,80, —> BKHSO, + 4l + H,S + 4H,0

(i) Balance the equation for the reaction that forms sulfur.

(i) Deduce the half-equation for the formation of iodine from iodide ions.

(i) Deduce the half-equation for the formation of hydrogen sulfide from concentrated
sulfuric acid.

A yellow precipitate is formed when silver nitrate solution, acidified with dilute nitric acid, is
added to an agueous solution containing iodide ions.

(i)  Write the simplest ionic equation for the formation of the yellow precipitate.

(i) State what is observed when concentrated ammonia solution is added to this yellow
precipitate.

(i)  State why the silver nitrate solution is acidified when testing for iodide ions.

(iv) Explain why dilute hydrochloric acid is not used to acidify the silver nitrate solution in
this test for iodide ions.
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(d)

(e)
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Chlorine is toxic lo humans. This toxicity does not prevent the large-scale use of chlorine in
water treatment.

(i)  Give one reason why water is treated with chlorine.

(1)
(i)  Explain why the toxicity of chlorine does not prevent this use.

(1)
(i}  Write an equation for the reaction of chlorine with cold water.

(n
Give the formulas of the two different chlorine-containing compounds that are formed when
chlorine reacts with cold, dilute, aqueous sodium hydroxide.
FOMMLIEST: i nii e iieeni i iiia i i s
EOUTTUERT 2 s cesccess coonucsniaioisosienen sttt iead i ey it s e e b et s

(1)

(Total 14 marks)
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QOrganic reaction mechanisms help chemists to understand how the reactions of organic
compounds oceur.
The following conversions illustrate a number of different types of reaction mechanism.

(a) When 2-bromopentane reacts with ethanolic KOH, two structurally isomeric alkenes are
formed.

{iy  MName and outline a mechanism for the conversion of 2-bromopentane into
pent-2-ene as shown below.

ethanolic KOH
CH3CH;CH;CHBrCHy ——— »  CH3CH;CH=CHCH;

(4

(i) Draw the structure of the other structurally isomeric alkene produced when
2-bromopentane reacts with ethanolic KOH.

)]
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(b) MName and outline a mechanism for the following conversion.

CH3 CHjy
| Brz |
CHy—C=CH, _ » CH3—C—CH,Br
|
Br

(5)
(c) Mame and outline a mechanism for the following conversion.
NH5
CH3CHCHBr ——————  CH3CH2CHzNH;
(5)

(Total 15 marks)
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(a) Some scientists thought that the waste water from a waste disposal factory contained two
sodium halides.

They tested a sample of the waste water.

They added three reagents, ong after the other, to the same test tube containing the waste
water.

The table below shows their results.

Reagent added Observations

1. Silver nitrate solution (acidified A cream precipitate formed
with dilute nitric acid)

2. Dilute ammonia solution A yellow precipitate remained

3. Concentrated ammonia solution The yellow precipitate did not
dissolve

(i) Identify the yellow precipitate that did not dissclve in concentrated ammonia solution.
Write the simplest ionic equation for the formation of this precipitate from silver iong
and the correct halide ion.

Identify the other sodium halide that must be present in this mixture of two sodium
halides.

(3

(i) Give one reason why the silver nitrate solution was acidified before it was used in this
test.

(1

Page 30 of 50
For more help, please visit our website www.exampaperspractice.co.uk



(b)

F&
EXAM PAPERS PRACTICE
(ii}  The method that the scientists used could not detect one type of halide ion. ldentify

this halide ion.
Give one reason for your answer,

(2)

The scientists thought that the waste water also contained dissolved barium ions. An
aqueous solution of sodium sulfate can be used to test for the presence of dissalved
barium ions.

Write the simplest ionic equation for the reaction between barium ions and sulfate ions to
form barium sulfate.

State what is observed in this reaction.

Give a use for barium sulfate in medicine and explain why this use is possible, given that
solutions containing barium ions are poisonous.

(4
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The scientists also analysed the exhaust gases from an incinerator used to destroy waste
poly(ethene).

Mass spectrometry showed that there was a trace gas with a precise M, = 28.03176 in the
exhaust gases from the incinerator.

The table below contains some precise relative atomic mass data.

Atom Precise relative atomic mass
12G 12.00000
H 1.00794
0 15.99491

Use the data to show that the trace gas is ethene. Show your working.

Suggest why both ethene and carbon monoxide might have been identified as the trace
gas if the scientists had used relative atomic masses to a precision of only one decimal
place.

Write an equation for the incomplete combustion of ethene to form carbon monoxide and
water only.

Ethene is used to make poly(ethene).

Draw the displayed formula for the repeating unit of poly(ethene).
Mame this type of polymer.

(5)

(Total 15 marks)
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@ lodine reacts with concentrated nitric acid to produce nitrogen dioxide (NO.).

(a)

(b)

(c)

(i} Give the oxidation state of iodine in each of the following.

T
Bl e e
(2)
(i) Complete the balancing of the following equation.
Iz - 10HNO; —— ... HIC, i NO, B H.O
(1)
In industry, iodine is produced from the NalQ, that remains after sodium nitrate has been
crystallised from the mineral Chile saltpetre.
The final stage involves the reaction between NalO; and Nal in acidic solution.
Half-equations for the redox processes are given below.
10y - 5e- - 6H* 3H:0 - 1 |
e 4 " e
I. 1 | + e
— 2 2
Use these hali-equations to deduce an overall ionic equation for the production of iodine by
this process. ldentify the oxidising agent.
Overall ionic equation
e oX I IEING AL i v it sadhnss setsssnvons soassunsssstanss senisanaies ievandussasss
(2)
When concentrated sulfuric acid is added to potassium iodide, solid sulfur and a black solid
are formed.
(iy [Identify the black solid.
(1
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(i) Deduce the half-equalion for the formation of sulfur from concentrated sulfuric acid.

When iodide ions react wilh concentrated sulfuric acid in a different redox reaction, the
oxidation state of sulfur changes from +6 to -2. The reduction product of this reaction is a
poisonous gas that has an unpleasant smell.

Identify this gas.

A yellow precipitate is formed when silver nitrate solution, acidified with dilute nitric acid, is
added to an agqueous solution containing iodide ions.

(i)  Write the simplest ionic equation for the formation of the yellow precipitate.

(i) State what is observed when concentrated ammonia solution is added to this
precipitate.

Consider the following reaction in which iodide ions behave as reducing agents.

Clfaq) + o2r@ag) —> k{@Q + 20aq)

(i) Interms of electrons, state the meaning of the term reducing agent.
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(i) Write a half-equation for the conversion of chlorine into chloride ions.

(1)

(2)
(Total 15 marks)

Fluorine and iodine are elements in Group 7 of the Periodic Table.
(a) Explain why icdine has a higher melting point than fluorine.
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(b) () Draw the shape of the NHF, molecule and the shape of the BF; molecule.

Include any lone pairs of electrons that influence the shape. In each case name the
shape.

Shape of NHF, Shape of BF,

Mame:of Shape O W cci i i ssesnsiisassin i ssans i sbisnsasss

Name ol Shapeiof BES o mnne e i e s e sieses
(4)

(i) Suggest a value for the F—N—F bond angle in NHI

(1

(c) State the strangest type of intermolecular force in a sample of NHF,

(1
(d) A molecule of NHF; reacts with a molecule of BF; as shown in the following equation.
MHF; + BF; — F,HNBF,
State the type of bond formed between the N atom and the B atom in FHNBF;.
Explain how this bond is formed.
MName of type OF BONA ....ccciiimmimsmemmssnsnsimsiniisrssessmsmsssassssrsssnsssasissssssanssss

How: bondils fomined o e s sy

(2)
(Total 10 marks)
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Give the formula of a Group 2 metal hydroxide used in agriculture.

Identify a sodium halide that does not undergo a redox reaction when added as a solid to
concentrated sulfuric acid.

Chlorine gas reacts with cold dilute sodium hydroxide solution to form sedium chloride and
another chlorineg-containing compound, X.

Give the formula of X.

Give the formula of the substance responsible for the orange colour when chlorine gas is
bubbled through an agqueous solution of sodium bromide.

Solid sodium iodide undergoes a redox reaction with concentrated sulfuric acid.
Give the formula for each of the following in this reaction.
Formula of the solid reduction product ..........ceeeinniseimnessss e e

Formula of the oxidation ProdUCE ...........wseesrssmmsisssssessm smsssssssssssssesmssssens

Draw the structure of each of the following organic compounds.

{iy  The hydrocarbon that is a chain isomer of methylpropene, but does not exhibit E-Z
sterenisomerism.
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(i} The alcohol that is a position isomer of butan-2-ol.

0]
(i)  The hydrocarbon that has a peak, due to its molecular ion, at m/z = 44 in its mass
spectrum.
0]
(iv) The bromoalkane that reacts with sodium cyanide to produce propanenitrile.
(1)

(Total 10 marks)

@ (a) Strontium chloride is used in toothpaste for sensitive teeth.
Both strontium carbonate and strontium sulfate are white solids that are insoluble in water.

{iy  Write an equation for the reaction between strontium chloride solution and sodium
sulfate solution.
Include state symbols in your equation,

(1)
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(i) Strontium carbonate reacts with nitric acid to produce a solution of strontium nitrate.

Strontium sulfate does not react with nitric acid.

Describe briefly how you could obtain strontium sulfate from a mixture of strontium
carbonate and strontium sulfate.
‘You are not required to describe the purification of the strontium sulfate.

(2)
A solution of magnesium sulfate is sometimes given as first aid to someone who has
swallowed barium chloride.
Explain why drinking magnesium sulfate solution is effective in the treatment of barium
poisoning.
(1)
Medicines for the treatment of nervous disorders often contain calcium bromide.
Silver nitrate, acidified with dilute nitric acid, can be used together with another reagent to
test for the presence of bromide ions in a solution of a medicine.
Describe briefly how you would carry out this test and state what you would observe,
(3)
(Total 7 marks)
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Anhydrous strontium chloride is not used in toothpaste because it absorbs water from the
atmosphere. The hexahydrate, SrCl2.6H,0, is preferred.

A chemist was asked to determine the purity of a sample of strontium chloride hexahydrate.

The chemist weighed out 2.25 g of the sample and added it to 100 cm?® of water. The
mixture was warmed and stirred for several minutes to dissolve all of the strontium chloride
in the sample. The mixture was then filtered into a conical flask. An excess of silver nitrate
solution was added to the flask and the contents swirled for 1 minute to make sure that the
precipitation was complete.

The silver chloride precipitate was separated from the mixture by filtration. The precipitate
was washed several times with deionised water and dried carefully. The chemist weighed
the dry precipitate and recorded a mass of 1.55 g.

(i)  Calculate the amount, in moles, of AgClin 1.55 g of silver chloride (M, = 143.4).

(1)
(i) The equation for the reaction between strontium chloride and silver nitrate is
SrCl, + 2AgNO; — > 2AgCl + Sr(NOy):

Use your answer from part (i) and this equation to calculate the amount, in moles, of
SrCl; needed to form 1.55 g of silver chloride.

(1

(i} Use data from the Periodic Table to calculate the M, of strontium chloride
hexahydrate. Give your answer {o 1 decimal place.

1]

(iv) Use your answers from parts (a)(ii) and (a)(iii) to calculate the percentage by mass of
strontium chloride hexahydrate in the sample. Show your working.
Give your answer to the appropriate precision.
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(v) Sewveral steps in the practical procedure were designed to ensure an accurate value
for the percentage by mass of strontium chloride hexahydrate in the sample.

1 Explain why the solution of strontium chloride was filtered to remove insoluble
impurities before the addition of silver nitrate.

(1)

2 Explain why the precipitate of silver chlioride was washed several times with
deionised water.

1]

Magnesium hydroxide and magnesium carbonate are used to reduce acidity in the
stomach. Magnesium hydroxide can be prepared by the reaction of solutions of magnesium
chloride and sodium hydroxide.

(i}  Write the simplest ionic equation for the reaction that occurs between magnesium
chloride and sodium hydroxide.
Include state symbols in your equation.

)]

(i)  Other than cost, explain one advantage of using magnesium hydroxide rather than
magnesium carbonate to reduce acidity in the stomach.

(1

Calecium ethanoate, (CH3COQ):Ca, is used in the treatment of kidney disease.
Thermal decomposition of calcium ethanoate under certain conditions gives propanone
and one other product.

Write an eguation for the thermal decomposition of calcium ethanoate.

(1
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Salts containing the chromate(V1) ion are usually yellow in colour.

Calcium chromate(V1) is soluble in water,

Strontium chromate(V1) is inscluble in water, but will dissolve in a solution of ethancic acid.
Barium chromate(Vl) is insoluble in water and is also insoluble in a solution of ethanoic
acid,

Describe a series of tests using solutions of sodium chromate(V1) and ethanoic acid that
would allow you to distinguish between separate solutions of calcium chloride, strontium
chloride and barium chloride.

State what you would observe in each test.

(3
The strontium salt of ranelic acid is used to promote bone growth. Analysis of a pure
sample of ranelic acid showed that it contained 42.08% of carbon, 2.92% of hydrogen,
8.18% of nilrogen, 37.42% of oxygen and 9.39% of sulfur by mass.
Use these data to calculate the empirical formula of ranelic acid.
Show your working.
(2)

(Total 15 marks)
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@ The following pairs of compounds can be distinguished by simple test-tube reactions.

Faor each pair, give a suitable reagent that could be added separately to each compound to
distinguish between them.
Describe what you would observe in each case.

(a)

(b)

c)

AgBr(s) and Agl(s)

(3

(3

(3
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(d) Butanal and butanone
= T

O e WHN BUANGAL - oo oot icaicn o s min i sismnssmins Smsndan i senae smsnesess s aden

(3)
(Total 12 marks)
IE‘ A student investigated the chemistry of the halogens and the halide ions.

{a) In the first two tests, the student made the following observations.

Test Observation
1. Add chioring water to aqueous The colourless solution turned a
potassium iodide solution. brown colour.

2. Add silver nitrate solution to agueous | The colourless solution produced a
potassium chloride solution. while precipitate.

(i) Identify the species responsible for the brown colour in Test 1.
Write the simplest ionic equation for the reaction that has taken place in Test 1.
State the type of reaction that has taken place in Test 1.

(3)
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Name the species responsible for the white precipitate in Test 2.

Write the simplest ionic equation for the reaction that has taken place in Test 2.

State what would be cbserved when an excess of dilute ammonia solution is added
to the white precipitate obtained in Test 2.

{b)  Intwo further tests, the student made the following observations.

Test Observation

3.

The white solid produced misty
white fumes which turned
blue litmus paper to red.

Add concentrated sulfuric acid to
solid potassium chloride.

4.

The white solid turned black. A gas
was released that smelled of rotten
eggs. A yellow solid was formed.

Add concentrated sulfuric acid to
solid potassium iodide.

(i

(i)

Write the simplest ionic equation for the reaction that has taken place in Test 3.

Identify the species responsible for the misty white fumes produced in Test 3.

The student had read in a textbook that the equation for one of the reactions in Test 4
is as follows.

3H+ + Bl‘ + HgSO‘g — 4'2 + st + 4H=O

Write the two half-equations for this reaction.
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State the role of the sulfuric acid and identify the yellow solid that is also observed in

Test 4.
(EXIIRISOACE). oo iniassisaiboinss s siiasss stasindisnaisdinintndtass i itiniad sisiissnsas o 45 s
(4)
(iii}  The student knew that bromine can be used for killing microorganisms in swimming
pool water.
The following equilibrium is established when bromine is added to cold water.
Bra{l) + HO) —= HBrOlagq) + H'(aq) + Briag)
Use Le Chatelier's principle to explain why this equilibrium moves to the right when
sodium hydroxide solution is added to a solution containing dissolved bromine.
Deduce why bromine can be used for killing microorganisms in swimming pool water,
even though bromine is toxic.
(EXITR I SPEEE) it rassiii o s e e b s SR 3
(3)
(Total 15 marks)
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Aldehydes can be prepared from acyl chlorides.

State how an aldehyde could be tested to show whether it is contaminated with traces of
unreacted acyl chloride.
State what you would observe.

(Total 2 marks)
Concentrated sulfuric acid reacts with solid potassium iodide as shown in the equation.
8Kl + 9H,50, —— 4l, + BKHSO, + H.S + 4H,0
Give two observations that you would make when this reaction occurs.
In terms of electrons, state what happens to the iodide ions in this reaction.

State the change in oxidation state of sulfur that occurs during this formation of H,S and deduce
the half-equation for the conversion of H,S0, into H,S
(Total 5 marks)

Chlorine is a powerful oxidising agent.

{a) Write the simplest ionic equation for the reaction between chlarine and aquecus
potassium bromide.,

State what is observed when this reaction occurs.

2

Page 47 of 50
For more help, please visit our website www.exampaperspractice.co.uk



(b)

(e

EXAM PAPERS PRACTICE
Write an equation for the reaction between chlorine and cold, dilute, aqueous sodium
hydroxide.

Give a major use for the solution that is formed by this reaction.

Give the IUPAC name of the chlorine-containing compound formed in this reaction in which
chlorine has an oxidation state of +1.

(3

Write an equation for the equilibrium reaction that occurs when chlorine gas reacts with
cold water.

Give one reason why chlorine is used for the treatment of drinking water even though the
gas is very toxic.

)]
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State how you could test a sample of water to show that it contains chloride ions.

In your answer, give a reagent, one cbservation and the simplest ionic equation for the
reaction with the reagent.

(3)
(Total 10 marks)

@ (a) Chlorine displaces iodine from aqueous potassium iodide.

(b)

(i)  Write the simplest ionic equation for this reaction.

(1
(i} Give one observation that you would make when this reaction occurs,

(1
In bright sunlight, chlorine reacts with water to form oxygen as one of the products.
Write an equation for this reaction.

(1
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(c) Explain why chlorine has a lower boiling point than bromine.

(2)
(Tatal 5 marks)
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