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(a)

(b)

(c)

N6985

(a)

(b)

(©)

SECTION A
Answer ALL questions in the spaces provided.

In some reactions, sulphur atoms are converted into sulphide ions. Draw a ‘dot
and cross’ diagram for a sulphide ion. Show outer shell electrons only and the
charge on the ion.

(2)
State which noble gas has the same electronic configuration as a sulphide ion.
Use the Periodic Table as a source of data.

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

Give the formula for potassium sulphide.

1)

Balance the equation for the action of heat on the nitrate of a Group 2 metal, X.

X(NO3)2(s) — XO(s) + NO,(g) + 0:(g) @

Describe ONE observation you would expect to make as the reaction takes place.

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

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

‘ 1)
Which Group 2 metal forms compounds giving an apple green colour in a flame
test?

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

Leave
blank




3.

N6985

(a) Write an equation to represent the first ionisation energy of sodium. Include state

symbols in your equation.

(b) Give the full electronic configuration of a nitrogen atom, using the s p d notation.

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

(c) Suggest areason why helium has the highest first ionisation energy of all elements.

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

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

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

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

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

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

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

(05

1)

TOTAL FOR SECTION A: 12 MARKS

Leave
blank

SA
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SECTION B

4. The ages of volcanic rocks can be estimated by analysing the relative abundance of the
helium isotopes present.

When volcanic rocks are formed, the isotopes of hydrogen, 3H, and helium, ‘;He, are
incorporated into the rock. The isotope of hydrogen is radioactive and decays into
3He. Both isotopes of helium are stable.

A sample of helium from a volcanic rock was found to have the following percentage
composition

JHe 0.99% sHe 99.01%

(a) (1) Explain what is meant by the term isotope using helium to illustrate your
answer.

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

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

)
(i) Complete the table to show the number of each type of subatomic particle
present in the atoms of hydrogen and helium shown.

Number of Number of Number of
Atom protons neutrons electrons
3
1H
SHe

(iii) In what way are the two atoms, 3H and 3He, similar?

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

N6985 4

Leave
blank




(b) (i) Give the name of the instrument used to measure the relative abundances of Leave
isotopes. blank

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

(1)

(i1) Use the percentage composition data to calculate the average relative atomic

mass of helium in this sample of helium from a volcanic rock. Give your
answer to FOUR significant figures.

()

(c) Suggest how the ratio of 3He to §He changes as the volcanic rock becomes older.

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

.................................................................................................................................... .
@ | Q

(Total 9 marks)

N6985 5 Turn over



5. This question is about organic compounds with the molecular formula C;HgO.

N6985

(a) (i) Draw the structural formulae of the two isomers with the molecular formula
C3HgO which are alcohols. Give the names of these alcohols.

ALCOHOL 1 ALCOHOL 2

Structural
formula

NAME oo

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

(il) What is the molecular formula of the next member of this homologous series
of alcohols?

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

(b) Primary alcohols can be fully oxidised to carboxylic acids.

(i) Give the name and structural formula of the carboxylic acid formed when the
primary alcohol C3HgO is fully oxidised.

Structural formula

2)
(ii)) Name the two reagents needed for this oxidation.
REAZENL 1 ..ttt see e s ter e se e ts e e e asesse s e ssae s nne s sananaas
REAZENE 2 ettt ettt sse st se s e nenan e ones
)
(iii) What colour change would you observe as the reaction takes place?
From .....coooivoiiiieeecececcceeer e B0 cereeiietetreie e e e e resee s s senaenn
2

Leave
blank




(iv) Draw a fully labelled diagram of the apparatus you would use to fully oxidise Leave
the alcohol to the carboxylic acid. blank

C)
(v) Name the process you would use to separate the carboxylic acid from the
reaction mixture.

............................................................................................................................. QS

(Total 16 marks)

N6985 7 Turn over



6. Ammonium nitrate, NH4NO;3, can be made by reacting ammonia solution with dilute
nitric acid.

(a) Write a balanced equation for this reaction. Include state symbols in your
equation.

(b) What type of reaction is this?

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

)
(c) Describe how you would obtain a colourless neutral solution of ammonium nitrate,
using this reaction.

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

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

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

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

2
(d) Describe how you would obtain pure dry crystals of ammonium nitrate from the
solution in (c).

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

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

(Total 9 marks)

Leave
blank

Q6
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7. Sprained ankles can be treated with an ice pack. An alternative is to use a divided pack Leave
containing ammonium nitrate and water which can be mixed to provide a low | blank
temperature.

NH4NOs(s) + aq — NH{ (aq) + NO; (aq) AH = +25.2kI mol™!

(a) What would be the enthalpy change in joules if 40 g of ammonium nitrate was
dissolved in water? [molar mass of ammonium nitrate = 80 g mol~!]

1)
(b) Use your answer to (a) to calculate the final temperature if 40 g of ammonium
nitrate was dissolved in 200 g of water which was initially at 20 °C.

Enthalpy change = mass of water x 4.2 x temperature change
o) ®  Jdg'K (K)

)
(c) Suggest TWO advantages of using the ammonium nitrate/water pack over an ice
pack for treating injuries in a football match.

AQVANLAZE 1 ..ottt sttt st e eet e e e st en s

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

.................................................................................................................................... Q7

(Total 5 marks)

N6985 9 . Turn over



8.

N6985

The decomposition of ammonium nitrate can be represented by the following equation
2NH4NO;3(s) — 2N;(g) + Oz(g) + 4H20(g)

(a) Show that the molar mass of ammonium nitrate is 80 g mol~!.
Use the Periodic Table as a source of data.

@
(b) What volume of nitrogen (at room temperature and pressure) would be produced if
20 g of ammonium nitrate was decomposed?

[1 mole of any gas has a volume of 24 dm? at room temperature and pressure.]

2

10

Leave
blank




() (i) Complete the Hess cycle below so that AHS, .. can be calculated using | Leave
standard enthalpy changes of formation. Include state symbols. blank
AHre?ction
2NH,NO3(s) — == 2Ny(g) + Ox(g) + 4H,0(g)
@)
(i) Calculate AH, .., given that
AHT [NH;NO;(s)] = —365.6 kJ mol !
AHT H,0(g)] = —241.8kJ mol™!
Include a sign and units in your answer.
, 3
(d) Use the equation and your answers to (b) and (c) to suggest TWO reasons why
ammonium nitrate makes a good explosive.
REASON 1 ...ttt sttt et e b et
REASOM 2 ...ttt ettt et a ettt s e
@[
(Total 9 marks)
TOTAL FOR SECTION B: 48 MARKS
END
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1.

N6984

SECTION A
Answer ALL questions in the spaces provided.

(a) Balance the equation.

NaHCOs(s) —  NapCOs(s)+  COx(g)+  H0(l)

@
(b) Name the reactant.

1)
(c) What type of reaction is this?

(1)

A sample of lead (atomic number 82) is made up of three isotopes. The sample has the
following percentage composition:

Mass number % composition

206 25.6
207 212
208 532

(a) What is the maximum number of neutrons in any one atom of lead in this sample?

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

‘ @
(b) What is the average relative atomic mass of lead in this sample? Give your
answer to FOUR significant figures.

0]

Leave
blank




(c) Draw a diagram to illustrate the metallic bonding in a typical metal such as lead.

1)
3. Calcium reacts with water. The balanced equation for the reaction is:
Ca(s) + 2H,0(1) — Ca(OH),(aq) + Hx(g)
(a) Suggest TWO things you would see as the reaction takes place.
2

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

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

4. Give the names of the two organic compounds which could be produced on oxidising
CH;3;CH,CH,CH,;OH with sodium dichromate and sulphuric acid.

ComPpouNd 1 ..ottt et er et neeae et ean

ComPOUNA 2 .ttt ettt et nereer e a s ene st et st neens

Leave
blank

SA

TOTAL FOR SECTION A: 13 MARKS
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5.

N6984

SECTION B

(a) Ethanol can be converted into ethene.

C2H50H(1) — C2H4(g) + HzO(l)
(1) Give TWO names which describe this type of reaction.

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

(i) Draw a fully labelled diagram of the laboratory apparatus, including the
chemicals, you would use to convert ethanol into ethene and to collect the gas.

“)
(ii1) The diagram below shows a Bunsen valve. The valve is often put on the end
of a delivery tube when a gas is collected.

Glass rod
\ Slit
Delivery tube \/A Rubber tubing

Bunsen valve

Why is this valve useful?

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

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

Leave
blank




N6984

(b) (i) Draw the displayed formula for ethene.

e}
(ii) The equation for ethene reacting with bromine water is:
C2H4(g) + Brz(aq) — C2H4BI‘2(1)
What colour change would you expect to see?
From ..o B0 et
(1)
(iii) Draw the displayed formulae for TWO isomers with the molecular formula
C2H4BI‘2.
(2)

Leave
blank

Q5

(Total 11 marks)

5 Turn over




6. Hydrogen peroxide, H,0,, is a weak acid.
(a) (1) Give the formula of the ion always present in acidic solutions.

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

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

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

(b) You are asked to make 250 cm? of a 1 mol dm~2 solution of hydrogen peroxide.

(i) Calculate the number of moles of hydrogen peroxide needed.

@
(i) Calculate the mass of hydrogen peroxide, H,O;, needed.
Use the Periodic Table as a source of data.

1)
(iii) Hydrogen peroxide is a liquid at room temperature. It has a density of
1.44 gcm™3. Calculate the volume of liquid hydrogen peroxide needed.

1)
(iv) What colour would you expect full-range universal indicator solution to turn
in a 1.0 mol dm~3 solution of hydrogen peroxide?

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

(Total 7 marks)

Leave
blank

Q6
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7.

N6984

Hydrogen peroxide is an oxidising agent.

Hydrogen peroxide will oxidise an acidified solution of iron(II) sulphate. The equation
for the reaction is:

2FeSO4(aq) + H202(aq) + HZSO4(aq) — Fez(SO4)3(aq) + 2H20(l)

(a) What is the charge on the iron ion in:

FCSO4 ........................................
Fez(SO4)37 ........................................
1)
(b) Give the formula of the spectator ion in this equation.
ey
(c) Rewrite this equation as an ionic equation, omitting the spectator ion.
1)
(d) Explain why the iron is said to be oxidised in this reaction.
(D

Leave
blank

Q7

(Total 4 marks)
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8. Hydrogen peroxide can readily decompose into water and oxygen.

(a) Complete the Hess cycle below so that AHS, .. can be calculated using standard
enthalpies of formation. Include state symbols.

S

AH .

\ o/

1)
(b) Calculate AH, . for this reaction given that
AH? [Hy0,(1)] = —187.8 kJ mol~!
AHT [H,O(1)] = —285.8 kJ mol~!
Include a sign and units in your answer.
3)

(¢) What volume of oxygen (at room temperature and pressure) would be produced
from the complete decomposition of 17 g of hydrogen peroxide?
[Molar volume is 24 dm>® mol~! at room temperature and pressure].

)
(d) Suggest, with a reason, ONE safety precaution which should be taken when storing
hydrogen peroxide. Justify your answer.

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

(Total 8 marks)

Leave
blank

Q8
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9.

N6984

This question is about the first twelve elements of the Periodic Table, hydrogen to
magnesium,

(a) (1) Write an equation to represent the SECOND ionisation energy of beryllium.
Include state symbols in the equation.

2)
(i) Suggest which one of these twelve elements would have the largest SECOND
ionisation energy. Justify your choice.

............................................................................................................................
............................................................................................................................
............................................................................................................................
............................................................................................................................
2

(iii)) Suggest which atom of these twelve elements would have the largest atomic
radius. Justify your choice.

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

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

9 Turn over

Leave
blank
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(b) (i) Give the electronic configuration of an oxide ion, O%>~, using s p d notation.

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

(ii) Give the name and formula of TWO other species (atoms or ions) which have
the same electronic configuration as an oxide ion.

NaAmME: oot eeaa Formula: .....ooveeeiieeeiieeee et eeeeens

NaAME: ..ooviriiriircircrececrcrce Formula: .....c.coocvviiiiiiiiiiii,

(2)

(c) Draw a ‘dot and cross’ diagram to represent the formation of the ionic solid lithium
hydride from its elements. Show all the electrons and ionic charges.

Li H —_ Li H
Lithium Hydrogen Lithium hydride
atom atom

3

10

Leave
blank
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(d) Part of the emission spectrum of sodium is shown below. The most intense line is
at 5.1 x 10" Hz.

7.2 53 5.1 49 46 Frequency/10'* Hz

(i) Suggest the colour of the emission seen at 5.1 x 10'4 Hz.

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

(1)
(ii) Explain how a line in the emission spectrum arises.

(2)
(iii) Why are there several lines in the emission spectrum?

(D)

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

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

(Total 17 marks)

Leave
blank

Q9

TOTAL FOR SECTION B: 47 MARKS

END
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Answer ALL the questions in the spaces provided.

SECTION A

1. Write a balanced equation, including state symbols, for the reaction between calcium
and water.

03]

2. (a) Draw a diagram to show the bonding in a metal.

4y

(b) Explain how the bonding in metals accounts for their high electrical conductivity.

N9267

Leave
blank




3. (a) Give the electronic arrangement for the element carbon, using the s,p,d notation.

1)

(b) The sketch graph shows the first ionisation energies for boron, carbon and
nitrogen. Continue the sketch to show the first ionisation energies of the next four
elements of the Periodic Table.

First Ionisation
Energy
/kJ mol~!

]:3' C N O F l\ie Na

Elements
3
4.  When carbon dioxide dissolves in water it forms the weak acid, carbonic acid.
(a) Explain what is meant by the term weak acid.
D
(b) (i) Suggest a simple test to show that carbonic acid is a weak acid.
)]
(i1) State the result of your test.
D

Leave
blank

SA

TOTAL FOR SECTION A: 11 MARKS
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5.
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SECTION B

This question is about the metal indium and its compounds.

(a) A sample of the metal indium has two main isotopes, with relative percentage
abundances as follows:

I 97.31%
B 2.69%

(i) Use the information to work out the molar mass of this sample of indium.

Remember to show your working clearly and to include units in your answer
which should be given to 4 significant figures.

)

(i) Name the instrument used to measure relative isotopic abundances.

(b) (i) Indium reacts with dilute sulphuric acid to form a solution of indium(IIT)
sulphate, Iny(SO,)s, and hydrogen gas. Write a balanced equation for the
reaction including state symbols.

()

Leave
blank




(i) Describe how dry crystals of indium(III) sulphate could be obtained from its

Leave

solution. blank
4
(c) State the numbers of protons, neutrons and electrons in the indium(III) ion, '}5In3*.
PIOTOTIS .ottt et e
INEUITOMS ..ttt e
EIECIIONS ..ottt

....................... 5
@2
(Total 12 marks)
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6. Butan-1-ol can be partially oxidised to butanal.
(a) (i) Give the structural formula of butan-1-ol.
(1)

(ii) Name the TWO chemicals which are used to bring about the partial oxidation
of butan-1-ol.

(iii) Draw a fully labelled diagram of the apparatus which could be used to obtain
the product of this partial oxidation.

3)
(iv) State how the colour of the reaction mixture changes during the reaction.
FIOIML ettt ettt et sttt s s b et ba e s e
5 Ko OO OO OO PP PSP
2
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(b) (i) Describe what you would see if butan-1-ol and butanal were each separately Leave
warmed with Benedict’s solution. blank

BULAN-1-01 oo et e e s ve s s e st eraaetaseseraresranraans

BULANAL ..ot et antntnnnnnnnnnnnnn s ennnn

(i) Explain why a sample of butanal which has been stored for some time may
react with sodium carbonate solution.

............................................................................................................................ 06

(Total 12 marks)
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An indigestion tablet contains 680 mg of calcium carbonate. The tablet relieves

indigestion by reacting with excess stomach acid, which is effectively hydrochloric
acid.

(a) (1) Complete the equation for the reaction between hydrochloric acid and
calcium carbonate. Include state symbols in your answer.

CaCOs(S) +  coveerreenrenenn, T e + COxg) + e,
(2)
(i1)) Calculate the number of moles of calcium carbonate in one tablet.
Use the Periodic Table as a source of data.
(2)

(i11) What volume of carbon dioxide (at room temperature and pressure) would
form from one tablet.

[Molar volume is 24 dm>mol~! at room temperature and pressure. ]

)
(iv) Suggest ONE side effect of using these tablets to relieve indigestion.

Leave
blank
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(b) The presence of calcium ions in the tablets can be confirmed by carrying out a
flame test.

(1) Describe how you would carry out such a flame test.

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

3
(i1) What flame colour would you expect to see?

1)
(1i1) State why magnesium cannot be detected by a flame test.

1)

Leave
blank

Q7

(Total 12 marks)
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Iron reacts with copper(I) sulphate solution to form iron(Il) sulphate solution and
copper.

The standard enthalpy change for the reaction between iron and copper(Il) sulphate is
—153.9 kI mol ™!,

In an experiment to investigate this enthalpy change a student decided to use 25 cm? of
0.20 mol dm™> copper(IT) sulphate solution and 0.01 mol of iron (an excess).

(@) (i) Write an ionic equation for this reaction. Include state symbols but omit any
spectator ions.

()

(i) Show how the standard enthalpy change for this reaction could be calculated

from the standard enthalpy changes of formation of copper(Il) ions and
iron(Il) ions. You should include a Hess cycle in your answer.

(3)
(b) (i) What container could be used for the experiment?

e}

(i) Calculate the mass of 0.01 mol of iron.
Use the Periodic Table as a source of data.

(D
(iti) Calculate the number of moles of copper(Il) sulphate used.

¢y

10

Leave
blank




(iv) Calculate the energy change that would be expected for the number of moles
of copper(Il) sulphate calculated in (iii).

1)
(v) State whether energy is given out or taken in. Justify your answer.

1)
(vi) Calculate the expected temperature change in the reaction using the

relationship:
Energy change =4.18 x volume of solution x temperature change.

Remember to include a unit in your answer which should be given to two
significant figures.

(2)
(vii) Suggest ONE reason why the actual temperature change is likely to differ
from your value.

(Total 13 marks)

Leave
blank

Q8

TOTAL FOR SECTION B: 49 MARKS
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1. (a)
(b)
2. (a)
(b)

N10598

Answer ALL the questions in the spaces provided.
SECTION A

Write a balanced equation, including state symbols, for the reaction between steam
and heated magnesium.

2)

Has the magnesium been oxidised or reduced? Explain your answer.

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

Methanol reacts with acidified potassium dichromate(VI) to form two possible
products.

(i) Give the displayed formula of the organic product formed under mild
conditions.

1)
(ii) Give the structural formula of the acidic organic product formed under more
vigorous conditions.

1)
State the name of the organic product of the reaction between methanol and
sodium.

Leave
blank




3.

4.

Sketch a graph to show the first five ionisation energies of aluminium using the axes
below.

Tonisation
energy
/kJ mol~!

T T | | |
1 2 3 4 5

Number of electrons removed

2

Explain why iron can be formed by reacting iron(IIT) oxide with aluminium, but cannot
be formed by reacting iron(Ill) oxide with copper.

TOTAL FOR SECTION A: 10 MARKS

Leave
blank

SA

N10598
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SECTION B

5. This question is about a titration between hydrochloric acid and sodium carbonate
solution, which is alkaline.

(a)

(b)

(©)

(d)

(e)

Write the formula of sodium carbonate.

The first step is to make up a solution of sodium carbonate.
Calculate the number of moles of solid sodium carbonate needed to make 250 cm’
of a solution of concentration 0.0500 mol dm~>.

(1
Calculate the mass of sodium carbonate needed to make up the solution in (b).
[Molar mass of sodium carbonate 106 g mol™'.]

. 1)
Give the name of the type of flask you would use to make up exactly 250 cm?® of
the solution.

(1)
(i) Name an indicator for the titration.
(1)
(ii)) What colour is this indicator
N sOdium CarboNaAte SOIULION; ..vvu.iiieineiiiirieeerieiieretrriaesereraeeerenenasersstansessrrnas
in hydrochloric acid sOlution? .........ccoceeviiiiiiiiiiiii
(2)

(Total 7 marks)

Leave
blank

Q5

N10598




6. This question is about the element hydrogen and its isotopes.

Hydrogen has three isotopes.

(a)

(b)

N10598

H H H

State in terms of sub-atomic particles, ONE difference and ONE similarity
between these isotopes.

DIfErence ......oovoiiiiiiiieicee e

SIMILATILY oot
(2)

In 1781 Cavendish made hydrogen using the reaction of zinc with dilute |

hydrochloric acid, a method still used in school laboratories today.
Zn(s) + 2HCl(aq) — ZnCl,(aq) + Ha(g)
What volume of hydrogen (at room temperature and pressure) can be obtained

from 25 ¢cm® of 1.0 mol dm™3 hydrochloric acid?
[Molar volume is 24 dm?® mol~! at room temperature and pressure. ]

3

QUESTION 6 CONTINUES OVERLEAF

5 Turn over
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blank



Leave

(c) (i) The spectra of sunlight and light emitted from a filament lamp are the same. blank
Describe the main difference between the hydrogen emission spectrum and
these spectra.
(2)
(ii) Explain the difference you have described in (i) in terms of electron energies.
1)
(d) Which is larger, a hydrogen atom or a hydrogen ion? Explain your answer.
@ %

(Total 10 marks)

N10598 6




7. Butan-1-ol can be dehydrated to form gaseous but-1-ene. Leave
blank
(a) (i) Write a balanced equation for this dehydration reaction.
()
(i) Draw a fully labelled diagram of the apparatus and chemicals that you would
use to dehydrate butan-1-ol and collect the gas produced.
“)
(b) State TWO organic products of the dehydration of butan-2-ol.
.................................................................................................................................... 7
@ |2
(Total 8 marks)
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8. Two aqueous solutions and two liquids are tested for electrical conductivity (measured
in siemens, S) giving the following results:

(a) (1)

(i1)

(ii1)

(b) (1)

Sodium chloride solution 200 S

Ethanoic acid solution 17 S
Pure water 7S
Hexane 0S

Give the formulae for the ions formed by sodium chloride in aqueous
solution.

Draw a ‘dot and cross’ diagram for the chloride ion showing outer shell
electrons only.

1)
Explain why the solution of ethanoic acid is a much poorer conductor than the
sodium chloride solution.

1)
(ii) Use your answer to (i) to classify the strength of ethanoic acid as an acid.
1)
(c) Give the formulae for the three species present in pure water.
3)

N10598

Leave
blank

e




(d) (i) State the type of bonding present in hexane. Use the conductivity data to Leave
Justify your answer. blank

Type of BONAING .....coviiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeee e,
Justification

(ii) Give the structural formula for hexane.

@l OB

(Total 11 marks)

N10598 9 Turn over



9. An experiment is carried out to find the enthalpy change for the reaction of a solution of
tartaric acid, C4HgOg, with sodium hydrogencarbonate to form sodium tartrate,
C4H4OgNa,, carbon dioxide and water.

C4H606(aq) + 2NaHCO3(s) — C4H4O6Na2(aq) + 2H20(1) + 2C02 (g)

(a) 25cm® of 0.10 mol dm™ tartaric acid solution is reacted with 0.10 mol of
sodium hydrogencarbonate (an excess).

(i) Calculate the molar mass of sodium hydrogencarbonate.

1)

(ii) Calculate the mass of 0.1 mol of sodium hydrogencarbonate.

1)
(iii) What precautions would you take when adding sodium hydrogencarbonate to
the tartaric acid solution. Justify your answer.

(2)
(iv) The temperature of the mixture is found to increase by 6.0°C.
Calculate the energy change using the relationship:
energy change = 4.18 x volume of solution x temperature change
(2)
(v) Calculate the number of moles of tartaric acid used in the reaction.
1)

N10398 10

Leave
blank




(vi) Use your answers to (iv) and (v) to calculate the standard enthalpy change of
the reaction.
Remember to include a sign and units in your answer, which should be given
to 2 significant figures.

(2)

(b) Calculate the standard enthalpy change of the reaction between tartaric acid,

C4HgOs, and sodium hydrogencarbonate to form sodium hydrogentartrate,

Cs4HsO¢Na, carbon dioxide and water. This enthalpy change cannot be
determined directly, but it can be found using the following Hess cycle.

<
C4HeO4(aq) + 2NaHCO3(s)—A—H—> C4HsO0¢Na(aq) + H>O(1) + CO,(g) + NaHCOs(s)

AH? )/AHQe = 420kJ mol ™!
C4H4O6Na2(aq) + 2H20(1) + 2C02 (g)

(i) Write an expression for AH® in terms of AH® and AHZ .
p 1 2

(1)
(ii) Calculate AH® using your value for AH le' from (a)(vi) and your expression
in (i).

(2)
(¢c) Baking powder is a mixture of sodium hydrogentartrate and sodium hydrogen-

carbonate.
Suggest how baking powder acts as a raising agent in cooking.

(Total 14 marks)

Leave
blank

Q9

TOTAL FOR SECTION B: 50 MARKS
END
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Answer ALL questions in the spaces provided. Leave
blank
SECTION A

1. (a) Balance the equation for the action of heat on copper(Il) nitrate.

Cu(NOs3),.6H,0(s) — CuO(s) + NOx(g) + Oi(g) + H,O(g)
)

(b) Describe TWO observations you would expect to make during the experiment.

ODBSEIVALION 1 oottt e e e e e e e e e e et e e e e e e e e e e e e e ee s e e s erasasasseraranrnnaanans

N13609A 2




2. In an experiment to show the migration of ions, silver(I) nitrate solution, AgNOs(aq),
and potassium chromate(VI) solution, K,CrO4(aq), were used. The experiment was set
up as shown in the diagram below. After a short while, a red precipitate formed in the
centre of the filter paper.

N I
20V DC
+ | —
< Q Q Microscope slide
/ \
/ | N Filter paper soaked
AgNO;(aq) K>CrO4(aq) in tap water

(a) Write the formulae, including charges, of the following ions:

(1) NIEFAE TOTIS vttt ettt e e e e,

(c) Write a balanced ionic equation, including state symbols, for the formation of the
red precipitate.

2

N13609A 3 Turn over
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3. An excess of zinc powder was added to 20.0 cm® of a solution of copper(II) sulphate

of concentration 0.500 mol dm™. The temperature increased by 26.3 °C.

(a) How many moles of copper(I) sulphate were used in this experiment?

(D

(b) Calculate the enthalpy change, AH, in kJ mol™' for this reaction given that:

energy change =  specific X mass of X temperature
heat capacity  solution change
/] /Tg 'K ! /g /K

Assume that the mass of solution is 20.0 g and the specific heat capacity of the
solution is 4.18 Jg ' K™".

2

TOTAL FOR SECTION A: 12 MARKS

Leave
blank
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NOW TURN OVER FOR SECTION B
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SECTION B

4. Two important nitrogen compounds are ammonium nitrate and nitrogen(I) oxide.

These substances can be prepared as shown by the following reactions.

Reaction A NHj(aq) + HNOs(aq) —— NH4NOs(aq)
Reaction B NH.NOs(s) =25 N,O(g) + 2H,0(g)

(a) Name the types of reaction illustrated by equations A and B.

(b) Reaction A was carried out by titration.

NI13609A

10.0cm® of 1.00 moldm™> ammonia solution was reacted with nitric acid of
concentration 0.500 mol dm™.

(i) What piece of apparatus would you use to measure out the 10.0cm® of
ammonia solution?

(iii) Suggest a suitable indicator you could use to find the endpoint of this titration
and give the colour change you would expect.

| 1o (o221 10 ) (NSRRI

Colour change

(iv) What volume of nitric acid would be required to react exactly with the
10.0 cm?® of the ammonia solution?

(1)

Leave

blank



(v) This experiment was repeated without the indicator. Describe how you would
obtain dry crystals of ammonium nitrate from the resulting solution.

(3)
(c) In reaction B, 4.0 g of solid ammonium nitrate reacted.
(1) What is the mass of 1 mole of ammonium nitrate, NH;NO;?
Use the Periodic Table as a source of data.
1)

(i) How many moles of nitrogen(I) oxide, N,O, were formed when 4.0 g of
ammonium nitrate reacted?

(1)
(111) What volume (at room temperature and pressure) will this amount of
nitrogen(I) oxide occupy?
[Molar volume is 24 dm* mol ' at room temperature and pressure. ]

1)

(Total 13 marks)

Leave

blank

Q4
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5. The diagram shows some of the transitions made by electrons, which result in the line
emission spectrum for the hydrogen atom.

I

|

S BB B
I
s L g

YYYY 3

=)
|

YYYYY )

=
H

YYYYYY n=1

(a) Explain why the emission spectrum of hydrogen consists of discrete lines rather
than a continuous spectrum.

1)

(b) Which transition, shown in the diagram, corresponds to the smallest energy
change?

From n= ..., 0 N e

(¢) (1) Draw an arrow on the diagram to represent the ionisation of a hydrogen atom
from its ground state.

2)

(1) Write an equation to represent this ionisation, including state symbols.

(0))

(Total 6 marks)

Leave
blank

Q5
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6. A sample of titanium (atomic number 22) is made up of five isotopes. The sample has

the following percentage composition:

Mass number

46
47
48
49
50

% composition

8.0
7.3
74.0
5.5
52

(a) (1) What is the average relative atomic mass of titanium? Give your answer to

three significant figures.

)

(1) What instrument would have been used to find this percentage composition?

N13609A

10

Leave
blank




(c) Titanium occurs naturally as rutile, TiO,. One possible method of obtaining pure Leave
titanium is to heat rutile with carbon. blank

TiO,(s) +2C(s) — Ti(s) +2CO(g)
(1) What type of reaction is this?

1)
(1) Calculate AH for this reaction given that
£[TiO4(s)] =—940 kJ mol ™!
AHZ[CO(g)] =-110 kJ mol™
Include a sign and units in your answer.

3)

(ii1) Name the law you have used in your calculation.
(1)

(iv) When titanium is manufactured by this method, explain what pollution
problem arises.

..”.“.“.H.“.”.“.“.“.".“.".“.“.“.“.“.“.“.”.”.n.“.“.".“.“.“.“.“.“.".”.”.".”.”.".“.Eis Q6

(Total 13 marks)
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7. This question is about the secondary alcohol, X, which has the molecular formula Leave
C,H,,0. blank

(a) Draw the displayed formula of this secondary alcohol, X. Give its systematic
name.

(b) (1) Draw the structural formula of Y, a primary alcohol, which is an isomer of X.

1)

(1) If X and Y are heated with sodium dichromate and sulphuric acid, products

with different functional groups are formed. Give the names of the products
which could be formed.

Oxidation product 0f X ...ciiiiiiiiiiieeee e e

Oxidation products 0f Y ......cooieiiiieiiiiciceeeeeee et

NI13609A 13 Turn over




(¢) (i) Draw a fully labelled diagram of the laboratory apparatus to show how the Leave
alcohol Y could be fully oxidised. blank

&)

(i) How would you separate the organic product of this reaction from the
resulting mixture?

(d) (i) The secondary alcohol, X, can be dehydrated. Draw the structural formulae
and give the names of TWO possible alkenes which could be formed.

€))

N13609A 14




(i1) If either of the alkenes is shaken with acidified potassium manganate(VII),
what colour change would you see?

(i11) What other reagent could you use to show that the products of the dehydration
of X are alkenes?

(Total 16 marks)

Leave
blank

Q7

N13609A
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TOTAL FOR PAPER: 60 MARKS
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Answer ALL questions in the spaces provided.
SECTION A
Use the Periodic Table as a source of data.
1. (a) An atom of gallium has mass number 69.

Complete the table to show the number of sub-atomic particles in this gallium
atom.

Electrons Neutrons Protons

@

(b) The mass spectrum of a sample of gallium is shown below.

Relative 60
abundance

20

69 71 Mass/charge ratio

What is the average relative atomic mass of gallium in this sample? Give your
answer to three significant figures.

2)
(c) What type of bonding would you expect to find in gallium?

N13612A 2

Leave
blank



2. (a) (i) Calculate the number of moles of sulphur atoms in 4.00 g of sulphur.

@
(it) When sulphur burns in air, it forms sulphur dioxide gas, SO,.
What volume of sulphur dioxide, measured at room temperature and pressure,

would be produced when 4.00 g of sulphur is burnt in air?
[Molar volume is 24 dm*mol! at room temperature and pressure. ]

@

(b) Sulphur dioxide reacts with sodium hydroxide solution to form a solution of
sodium sulphite, Na,SO;.

The equation for the reaction is
SO,(g) +2NaOH(aq) — Na,S0s(aq) + H,O(1)

Rewrite this equation as an ionic equation, omitting the spectator jons.

(¢) Sodium sulphite can be used as a preservative for foods such as sausage meat.
Suggest ONE property which a food preservative should have, other than
preventing the growth of bacteria.

TOTAL FOR SECTION A: 11 MARKS

Leave
blank

SA
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SECTION B

3. (a) (i) A flame test was carried out on a sample of potassium chloride. Leave
blank
What flame colour would be seen?
a

(i) When light from the flame was viewed through a spectroscope, a line emission
spectrum was seen. Explain how lines in the emission spectrum arise.

?

(b) (i) Complete the electron configuration of a potassium ion, K*, using s p d notation.
IS228% oottt ettt bbb

)

(i) Potassium ions and chloride ions contain the same number of electrons.
Which of the two ions has the bigger radius? Explain your answer.

)

(c) (i) Write an equation to represent the first ionisation of a potassium atom.
Include state symbols in the equation.

2)

(i1) Explain why the first ionisation energy of potassium is smaller than the first
ionisation energy of sodium.
............................................................................................................................ Q3

2
(Total 9 marks)
NI3612A 4




4. (a) Cyclohexanol and hexan-1-ol are both alcohols containing 6 carbon atoms per
molecule.

(i) Draw the displayed formula of each alcohol.

cyclohexanol hexan-1-ol
2

(ii) Explain why cyclohexanol and hexan-1-ol are not isomers.
1
(ii1) State whether each of the two alcohols is a primary, secondary or tertiary

alcohol.

CyClONEXANOL .....oiiiiriiieicieee ettt re ettt et
HEXAN-1-01 ..ot

NI13612A 5 Turn over
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(iv) Hexan-1-0l was heated gently with a mixture of potassium dichromate and

V)

sulphuric acid. The product of the reaction was distilled off as it formed.

Give the structural formula of the product and name it.

The reaction in (iv) was repeated using cyclohexanol. The products which
were distilled off from each of the two alcohols contain different functional
groups.

State a test to distinguish between these functional groups and give the result
in each case.

Leave
blank



(b) Cyclohexanol can be converted to cyclohexene.

(1) What type of reaction is this?

(ii) Draw a fully labelled diagram of the laboratory apparatus, including the
chemicals, which you would use to convert cyclohexanol into cyclohexene
and collect the liquid cyclohexene which forms.

“@

(ii1) Describe how you would obtain a dry sample of cyclohexene from the liquid
collected.

(Total 17 marks)

Leave
blank

Q4




5. (a)

(®)

N13612A

(i) Strontium hydroxide, Sr(OH),, is one of the products formed when strontium
reacts with water.

Write a balanced equation for the reaction of strontium with water.

2
(ii) Explain why strontium is described as being oxidised in this reaction.

An experiment was carried out to measure the solubility of strontium hydroxide.
Solid strontium hydroxide was added to water until a layer of solid remained on
the base of the container. The mixture was then left overnight. 25.0 cm® portions
of strontium hydroxide solution were then measured by pipette and titrated with a
0.100 mol dm 3 solution of nitric acid. 16.9 cm® of the nitric acid was needed to
react with the strontium hydroxide in the solution.

The equation for the reaction is
Sr(OH),(aq) + 2HNO;(aq) — Sr(NOs),(aq) +2H,0(1)
(i) Why was the mixture left overnight before carrying out the titration?

(ii) Calculate the number of moles of nitric acid used in the titration.

(L))

(iii) Calculate the number of moles of strontium hydroxide in 1dm® of the
solution.

@

Leave
blank



(iv) Calculate the solubility of strontium hydroxide in g dm™.
Use the Periodic Table as a source of data.

()
(c) (i) Crystals of hydrated strontium nitrate have the formula Sr(NO3),.4H,0.

How would you make a dry sample of hydrated strontium nitrate crystals from
a solution of pure strontium nitrate?

3)
(ii) Hydrated strontium nitrate crystals decompose when heated.
Complete and balance the equation for the reaction.
2SI'(NO3)2.4H20(S) e ST H,0O (1) F e SrO (S) F o N02 (g) F e
?

(iii) A 0.5 mol dm™ solution of strontium nitrate was mixed with a 0.5 mol dm™
solution of potassium sulphate, K,SO,.

Write an equation for the reaction which occurs. Add state symbols to the
equation, using the data below.

Solubility
mol/1000 g water
KNO, 3.75
SrSO, 7.11x 107

2)
(Total 16 marks)

Leave
blank

Q5
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6. (a) The equation below shows the reaction which occurs when ammonia is dissolved

NI13612A

in water.
NH;(g) + H;0(1) = NHj(aq) + OH(aq)
(i) Explain why water is classified as an acid in this reaction.

(i) The ammonia is acting as a weak base in this reaction.

What is the difference between a weak base and a strong base?

Leave
blank



(b) Ammonia reacts with oxygen to form the gases nitrogen(II) oxide and steam. Leave
blank

(i) Complete the Hess cycle below so that AH 0n can be calculated using
standard enthalpy changes of formation. Include state symbols.

AH reaction
4NH;(g) + 505(g) ——5 4NO(g) + 6H,0(g)

NS

2)
(i1) Calculate AH rociion for this reaction using the following data.

AH; [NHy(g)] = — 46.1 kJ mol™!
AH:[NO(g)] = + 90.2 kJ mol™
AH; [H,0(g)] = — 241.8 kJ mol™!

Include a sign and units in your answer and give your answer to three
significant figures.

@) |Q6

(Total 7 marks)
TOTAL FOR SECTION B: 49 MARKS

END
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Answer ALL questions in the spaces provided. Leave
blank
SECTION A

1. (a) When sodium nitrate is heated a gas is given off, which re-lights a glowing splint.
Sodium nitrite is formed.

Complete the balanced equation for this reaction, including state symbols.

0)

2. How many nitrogen molecules, N,, are present in 12 dm? of nitrogen gas at room temperature
and pressure?

[Molar volume is 24 dm*mol ' at room temperature and pressure;
Avogadro constant is 6 x 10* mol™]

2

N17048A 2




~

3. (a) Draw a ‘dot-and-cross’ diagram for a magnesium ion.

Show ALL the electrons present and give the charge on this ion.

2
(b) Why do salts containing magnesium ions give no colour in a flame test?
0y
4. (a) When ammonia dissolves in water it behaves as a weak base.
Explain what is meant by the term weak base.
1)

(b) Suggest a simple test to show that ammonia dissolved in water is a weak base. Give the
result of this test.

TOTAL FOR SECTION A: 11 MARKS

Leave
blank

SA
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SECTION B

5. Copper(Il) sulphate solution can be prepared from solid copper(Il) carbonate by reaction
with hot dilute sulphuric acid.

(a) Write the balanced equation for this reaction, including state symbols.

2
(b) This experiment was carried out using 25 cm® of 1.0 mol dm™ sulphuric acid.
(1) How would you measure out 25 cm? of 1.0 mol dm sulphuric acid?
@
(i) Calculate the number of moles of sulphuric acid used.
a

(c) (i) It is usual to react the sulphuric acid with a slight excess of copper(Il) carbonate.
Calculate the mass of copper(Il) carbonate needed if a 10 % excess is required.
[Molar mass of copper(II) carbonate = 123.5 g mol™]

0]

(i) The sulphuric acid is heated to boiling and the copper(II) carbonate is added in small
portions.

Suggest why the copper(II) carbonate is added in small portions.

N17048A 4

Leave
blank




(d) 3.98 g of copper(Il) sulphate-5-water, CuSO,.5H,0, was obtained from this solution. Leave

blank
(i) Calculate the molar mass of copper(Il) sulphate-5-water.
Use the Periodic Table as a source of data.
1)
(i) Calculate the percentage yield of the reaction.
(2)
(e) Suggest why copper compounds are hazardous.
m |

(Total 12 marks)

N17048A 5 Turn over




6. An alcohol, X, has the molecular formula C,H;,0. Leave
blank
(a) X reacts with sodium, forming bubbles of a colourless gas.

Write a balanced equation for the reaction.

)

(b) When X is heated under reflux with a mixture of sodium dichromate(VI) solution and
concentrated sulphuric acid, a green solution forms.

(1) Give the formula of the ion responsible for the green colour of the solution.

(1) Draw a labelled diagram of the apparatus used to reflux the mixture.

(&)

N17048A 6




(iii) A colourless organic liquid, Y, is distilled from the green solution. Leave
blank

This liquid will net neutralise sodium carbonate solution, and it will not react with
Benedict’s solution.

Draw the displayed formula of Y and state its name.

Displayed formula
NAIME....c.eviiireeeiie ettt e e et e et e e sbte s eaee e s e e aar e e ae e sas e e sat e saas e smas e eaan e enaesesasenseserneeres
2
(iv) Deduce the structural formula of X.
ey
(¢) Dehydration of X produces a mixture of products.
(i) Name a reagent which could be used to dehydrate X.
(1)
(ii) Draw displayed formulae of TWO of the possible dehydration products.
(2)

N17048A 7 Turn over




(d) Anisomer of X

e does not react with a mixture of sodium dichromate(VI) solution and concentrated
sulphuric acid

e reacts with sodium

e can be dehydrated.
Draw the displayed formula and state the name of this isomer of X.

Displayed formula

(Total 14 marks)

Leave
blank

Q6
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7. The element gallium has two isotopes.
9Ga  1lGa

(a) (1) State ONE similarity and ONE difference between these two isotopes in terms of
the numbers of their fundamental particles.

SIMILATILY Lot ettt ettt e s eaneae s
DITETENCE ...ttt ettt e
2)
(if) The molar mass of a sample of gallium is 69.8 g mol™'.
Calculate the percentage abundance of the isotope § Ga in the sample.
(2)

(b) The first four ionisation energies of gallium are plotted below.

6000 |

5000 -

Ionisation Energy 4000 ~
/%J mol™ 3000
2000

1000 —

0 i | | I
1st 2nd 3rd 4th

Electron removed

(1) Write the chemical equation, with state symbols, which corresponds to the first
ionisation energy of gallium.

10))

N17048A 10
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(i) Why is there a general rise in the ionisation energy as successive electrons are
removed?

(111) Explain why there is a comparatively large increase in value between the third and
fourth ionisation energies.

(c) (i) Suggest the formula of gallium chloride.
(You may find it helpful to refer to the Periodic Table.)

(11) Gallium chloride dissolves in water to form a solution containing ions.

Suggest an experiment to show that the solution contains ions. State the result you
would expect.

EXPEIIMENT ..coiiiiiiiiiriiiiiece ettt ettt st tb et et eteets e teereenee e

(Total 12 marks)

Leave
blank

Q7
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8. This question is about a self-heating can of coffee. Leave
blank

The bottom of the can has a compartment containing copper(Il) nitrate solution. When a
button on the bottom of the can is pressed, magnesium powder is released into the
compartment where it reacts with the copper(II) nitrate solution.

(a) (1) Write an ionic equation for the reaction between magnesium powder and
copper(Il) ions. Include state symbols, but omit any spectator ions.

(2)
(it) Show how the standard enthalpy change for this reaction could be calculated from

the standard enthalpies of formation of copper(Il) ions and magnesium ions. You
should include a Hess cycle in your answer.

3)
(b) The can contains 150 g of a solution of coffee in water.
The temperature of the solution needs to increase by 60 °C to produce a hot drink.

(i) Calculate the energy change needed to produce a temperature increase of 60 °C in
the coffee, using the relationship

Energy change = 4.2 x mass of solution x temperature change.

Remember to include a unit in your answer.

0]

N17048A 12




(ii) The standard enthalpy change for this reaction is —530 kJ mol. é;favlf
an

Calculate the number of moles of reactants needed to produce the energy change

in (i).

@
(iii) A solution of copper(II) nitrate of concentration 8.0 mol dm™ is used.

Use your answer to (ii) to calculate the volume, in cm?, of copper(Il) nitrate solution
needed.

Your answer should be given to two significant figures.

4y

(c) Suggest TWO reasons why the temperature of the coffee may not increase by as much
as 60 °C.

@ | @8

(Total 11 marks)

TOTAL FOR SECTION B: 49 MARKS
TOTAL FOR PAPER: 60 MARKS

END
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Answer ALL questions in the spaces provided.

SECTION A

1. Iron(Ill) oxide and aluminium react together in a reaction known as the Thermit reaction.

Fe,05(s) + 2Al(s) — AlLOs(s) + 2Fe(s)

(a) The reaction is exothermic. Explain what is meant by exothermic.

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

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

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

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

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

2. (a) An isotope of the element bohrium, 35,Bh, was recently discovered. How many

N17044A

neutrons are there in a nucleus of this isotope?

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

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

Leave
blank




@ — A
3. Butan-1-ol, a primary alcohol, can be oxidised to form the aldehyde, butanal. Leave

blank

(a) Give the name or formula of an oxidising agent used in this reaction and of the other
reagent required.

Oxidising Agent

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

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

(b) A possible by-product of this reaction is butanoic acid, CH;CH,CH,CO,H, which is
classified as a weak acid.

Explain what is meant by a weak acid.

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

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

(2)
4. Write the ¢clectron configuration of a magnesium atom, using the s, p, d notation.
S. Balance this equation showing how magnesium nitrate decomposes when heated.
Mg(NOs)o(s) —  MgO(s) + NOxg) +  Oig) SA

)
TOTAL FOR SECTION A: 10 MARKS l ’
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SECTION B

6. (a) Propan-1-ol can be dehydrated to produce propene gas.

N17044A

(i) Draw the displayed formula of propan-1-ol.

(ii) One method used to dehydrate propan-1-ol uses a solid catalyst.

0

Draw a fully labelled diagram of the apparatus used to prepare and collect propene

gas. Name the solid catalyst.

@

Leave
blank




(b) Propan-1-ol reacts with sodium to produce an ionic compound and hydrogen gas. Leave
blank
(1) Name the ionic compound formed.
ey
(i) When carrying out this reaction, a student collected 48 cm® of hydrogen gas at room
temperature and pressure. Calculate the number of moles of hydrogen molecules
collected.
[Molar volume is 24 000 cm®*mol™" at room temperature and pressure]
¢}
(c) Propan-1-ol can be partially oxidised to produce the aldehyde, propanal.
Some alcohols can be oxidised to produce ketones.
(1) Write the structural formula and give the name of the alcohol that can be oxidised
to produce the ketone, propanone.
FOrmula ...t
NEAIMIE .ottt et e e e er et eeeeneaene
(2)
(i) Describe what you would expect to see if propanal and propanone were separately
warmed with Benedict’s solution.
Propanal
Propanone
..................................................................................................................................... 6
@ | ©
(Total 11 marks)
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7. The foot and mouth virus affects farm animals such as cattle and sheep. One of the
recommended disinfectants used to try to prevent foot and mouth disease from spreading is
sodium carbonate solution.

(a) The sodium carbonate solution is used to disinfect footwear because it is alkaline and the

virus cannot survive if exposed to a pH greater than 9.

Suggest ONE reason why the disinfectant may not destroy all of the virus present on
footwear.

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

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

(b) One method that could be used to determine the concentration of a solution of

N17044A

sodium carbonate is to titrate it with hydrochloric acid of known concentration.

A 25.0cm’ sample of sodium carbonate solution was titrated using 1.00 mol dm™
hydrochloric acid to determine its concentration. 42.0 cm® of acid was needed to
neutralise the sodium carbonate solution. The indicator used to find the end-point was
methyl orange.

(i) Write a balanced equation for the reaction between a solution of sodium carbonate
and hydrochloric acid, including appropriate state symbols.

(2)
(i) What piece of apparatus should you use to add the hydrochloric acid?
(i11) State the colour of the indicator:
in sodium carbonate SOIULION .......ccceeeereeireiiriirieieerre e
at the end-point of the tItration. ........ccecveeereiierrieeinteece e
(2)

Leave
blank



(¢c) (i) Calculate the number of moles of hydrochloric acid added to the sodium carbonate Leave
solution. blank

(D

(i1) Use your answer from (c)(i) and your equation from (b)(i) to work out the number
of moles of sodium carbonate in the 25.0 cm® sample.

1)

(iii) Use your answer from (c)(ii) to work out the concentration, in mol dm™, of the
sodium carbonate solution.

a |7

(Total 9 marks)
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8. In the manufacture of beer, brewers often add small amounts of salts of Group 2 elements to
the water used. These salts influence the chemical reactions during the brewing process.
Two such salts are calcium sulphate and magnesium sulphate.

(a) A flame test can be used to confirm that a sample of a salt contains calcium ions.

N17044A

(1) Describe how you would carry out a flame test.

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

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

(i) A positive test results in a brick-red flame colour. Describe the changes that occur
in calcium ions to produce a colour.

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

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

(111) Impurities in the salt may lead to other colours being observed in the flame. What
metal ion is likely to be present if a yellow flame is seen?

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

Leave
blank



(b) Magnesium sulphate can be used in its anhydrous form, MgSOu(s), or in its hydrated
form, MgSO,. 7TH,O(s).

An experiment was carried out to find the enthalpy change when hydrated magnesium
sulphate dissolved completely in water.

MgSO0,. 7TH,0(s) —SXEess Water . £ 1550,(aq) + 7H,0(1)

12.3 g of hydrated magnesium sulphate was added to 100 g of water in a simple
calorimeter and the temperature was found to fall by 1.1 °C.

(i) Calculate the energy change, in joules, that occurred in the experiment, using the
relationship

Energy change (J) =4.18 x mass of water x temperature change

¢))

(i1) Calculate the number of moles of hydrated magnesium sulphate used in the
experiment. Use the Periodic Table as a source of data.

g 2

(iii) Use your answers to (i) and (ii) to calculate the enthalpy change for the reaction.
Include a sign and units in your final answer, which should be given to
2 significant figures.

@

N17044A 9 Turn over

Leave
blank



(c) The enthalpy change as hydrated magnesium sulphate is converted to anhydrous Leave
magnesium sulphate is very difficult to measure. The Hess Cycle below can be used to blank
find this enthalpy change, AH..

AH,
MgSO4.7HzO(S) excess HyO MgSO4(aq) + TH,O(1)
AH, AH>=-85.2 k) mol™
excess H,O
MgSO4(s) + 7H>0()

(i) Use the cycle to write an expression for AH, using AH) and AH.

1)
(ii) Use your expression in (c)(i) and your answer from (b)(iii) to calculate AH..

Include a sign and units in your final answer, which should be given to 2 significant
figures.

)

(d) Brewers are very careful to add small, controlled amounts of calcium sulphate and
magnesium sulphate to the water used in brewing.

Suggest ONE possible effect if too much of either salt is added.

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

............................................................................................................................................ .
@ | @

(Total 16 marks)
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9. Sodium is a reactive, silver-grey element from Group 1 of the Periodic Table. Leave
blank

(a) (1) What name is given to the type of bonding in this element? Draw a diagram to
illustrate this type of bonding.

(2)
(11) Sodium reacts readily with other elements such as chlorine.

2Na(s) + Cly(g) ———> 2NaCl(s)
sodium chlorine sodium chloride

Draw a ‘dot-and-cross’ diagram, showing outer electrons only, of the ionic
compound sodium chloride. Indicate charges clearly on your diagram.

2

(111) Would you expect the radius of a sodium ion to be larger than, smaller than or the
same as the radius of a sodium atom? Give TWO reasons to justify your answer.

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

.....................................................................................................................................
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(b) The table shows the first four ionisation energies for another element. Leave
blank

Tonisation Energy / kJ mol™

1st 2nd 3rd 4th
738 1451 7733 10 541

To which Group of the Periodic Table does the element belong? Use the data to give a
reason for your answer.

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

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

(c) The graph below shows the first ionisation energies of the elements in Period 3. One
noticeable feature of this graph is the dip from magnesium to aluminium. Use your
knowledge of quantum levels and sub-levels to suggest an explanation for this dip.

1500 4
First
Ionisation 1000 -
Energy
/kJ mol™!
500 -

Na Mg Al Si P S Cl Ar

Element

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

...................................................................................................................................................
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(d) The Periodic Table shown here is from a website designed to help students understand Leave
the idea of periodicity. The heights of the shaded bars represent the melting points of | blank
the elements.

Periodic Table

H Melting point He
T Be
e | I
Na | Mg
e |
K|Ca|Sc|Ti|V|[Cr|Mn|{Fe|Co|Ni|Cu
o | O OO
Rb Y | Zr |Nb Tc [Ru|Rh | Pd
Cs La| Hf | Ta Re|Os| Ir {Pt|Au|Hg| Tl |[Pb| Bi | Po| At |Rn

Source: www.schoolscience.co.uk/ptgraphs.html

|

(1) Another table on this website shows the boiling points of the elements. Suggest
ONE similarity and ONE difference between the two tables.

Similarity

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

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

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

(i1)) Name ONE other physical property, not mentioned in this question, that exhibits
periodicity.

ettt h ettt a bbbttt bttt en (1) Q9

(Total 14 marks) | |

TOTAL FOR SECTION B: 50 MARKS
TOTAL FOR PAPER: 60 MARKS

END
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