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SECTION A

Answer ALL the questions in this section. You should aim to spend no more than 20 minutes
on this section. For each question, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box $¢ and then mark your new answer with

1

across X.

When aqueous solutions of barium chloride and potassium sulfate are mixed, a white
precipitate forms. The ionic equation for the reaction is

LA Kf'aq) + C(ag) — KdCl(s)
[1B K*@q) + 2CI(aq) — KCL(s)
[1C Ba*aq) + SO, (aq) — BaSO,(s)
[1D Ba**(aq) + SO, (aq) — BaSO,(s)

(Total for Question 1 = 1 mark)

2 Which of the following processes has the highest atom economy?
] A Making poly(ethene) from ethene.
[ B Making ethene from eicosane, CH,,
[J € Making chloromethane from methane.
L1 D Making magnesium chloride from magnesium and hydrochloric acid.

(Total for Question 2 = 1 mark)

3 How many molecules are present in 16 g of oxygen gas, O,(g)?
[Avogadro constant =6 X 10> mol™']
LJA 96x10%
0B 12x10%
] c 6 X 10%
LID 3x10%

(Total for Question 3 = 1 mark)
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4 Nickel(ll) sulfate is prepared by adding an excess of nickel(ll) carbonate to 0.010 mol
of dilute sulfuric acid.

NiC03(s) + HZSO4(aq) — NiSO4(aq) + HZO(I) + COz(g)

Solid nickel(ll) sulfate crystals are produced with a 20% yield. How many moles of
nickel(ll) sulfate crystals are obtained?

] A 0.001
] B 0.002
] C 0.010
(] D 0.050

(Total for Question 4 = 1 mark)

5 When 0.635 g of copper (relative atomic mass, RAM = 63.5) is added to an excess of
silver nitrate solution, 2.158 g of silver (RAM = 107.9) form. The ionic equation for the
reaction is

LJA Cu(s) + Ag*(ag) — Cu?(aq) + Agls)
1B Cu(s) + Agf(ag) — Cuf(ag) + Ag(s)
[ C 2Cu(s) + Ag*(aq) — 2Cu*(aq) + Ag(s)
1D Cu(s) + 2Agf(ag) —» Cu*(aq) + 2Ag(s)

(Total for Question 5 = 1 mark)

6 In an experiment to measure the enthalpy change of a reaction involving gases,
which of the following conditions must always be kept constant?

[] A Pressure
[] B Temperature
[J C Volume

[] D Temperature and pressure

(Total for Question 6 = 1 mark)

3
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7 In an endothermic reaction in aqueous solution, which of the following is correct?

Temperature Sign of enthalpy change
Ll A Increases Positive
L] B Increases Negative
] C Decreases Positive
1D Decreases Negative

(Total for Question 7 = 1 mark)

The enthalpy change for the reaction to form hydrated sodium thiosulfate crystals
cannot be measured directly.

The following Hess cycle can be used.

AH
Na,S,0,(s) + 5H20(I) — Na,S.0..5H.0(s)

27273 2

+N1 A%

Na S0, (aq)

27273

The enthalpy change for the reaction, AH , is equal to

1A AH + AH

1 2

B AH, - AH,

1

[JC -AH, - AH

2

0D -AH, + AH,
(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 When 10 cm? of 2 mol dm=3 hydrochloric acid is reacted with
10 cm?® of 2 mol dm~3 sodium hydroxide solution, the temperature change is AT.

HCl(ag) + NaOH(ag) — NaCl(aq) + HZO(I)
When the reaction is repeated with 50 cm? of each solution, the temperature change is
LIA AT
1B 5xAT
1c % X AT
LID 10x2xAT

(Total for Question 9 = 1 mark)

10 An isotope of an element, atomic number z, has mass number 2z + 4. How many
neutrons are in the nucleus of the element?

JA z+4
OB z+2
0c z
[ID 4

(Total for Question 10 = 1 mark)

11 When an Al* ion is formed from an Al atom, the fourth electron is lost from the
J A 1ssub-shell.
[0 B 2s sub-shell.
] C 2p sub-shell.
[0 D 3ssub-shell.
(Total for Question 11 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12

13

14

15

Metals are good conductors of electricity because

[J A metal atoms are arranged in a regular lattice.
[J] B metalions are very close to each other.

[J € metalions are free to move through the lattice.

L] D electrons are free to move through the lattice.

(Total for Question 12 = 1 mark)

Which of the following statements is evidence for the existence of ions in ionic
compounds?

] A lonic compounds, in the solid state, conduct electricity.

[ B When any ionic compound in solution is electrolysed, the migration of ions
can be seen.

[] € In electron density maps for ionic compounds, there is no single line
representing electron density that surrounds both cations and anions.

L1 D In electron density maps for ionic compounds, there are some single lines
representing electron density that surround both cations and anions.

(Total for Question 13 = 1 mark)

White phosphorus consists of

L] A agiant structure of atoms.
] B agiant structure of ions.
[J € small molecules.

[0 D single atoms.

(Total for Question 14 = 1 mark)

Isomers have different

[0 A empirical formulae.
[0 B molecular formulae.
[J € skeletal formulae.

[0 D molar masses.

(Total for Question 15 = 1 mark)
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16 Four of the reactions of propene are shown on the diagram below.

CH,CH,CH,

A

Reaction 1

A

Hydrogen / catalyst

CH,CH(OH)CH,0H <+————— CH,CH=CH, ——— CH,CHBrCH Br

Reaction 4

Reaction 3

\

4

Reaction 2

HBr

Compound A

(@) Nickel is often used as the catalyst for Reaction 1. Use your Periodic Table to
select which of the following metals can be used instead of nickel to catalyse

Reaction 1.

L] A Potassium
1B Calcium
L Cc  Gallium
[J D Palladium

(b) The name of the reagent and the product for Reaction 2 are

Reagent
L] A bromine water
] B bromine
L] ¢ bromine water
L] D bromine

Product
dibromopropane
dibromopropane
1,2-dibromopropane

1,2-dibromopropane

P 41 2 1 2 A 0 8 2 4



() What is formed in Reaction 3?

L] A Only 1-bromopropane
1 B Only 2-bromopropane
[J € A mixture of bromopropanes containing mainly 2-bromopropane

L] D A mixture of bromopropanes containing mainly 1-bromopropane

(d) A mixture of dilute sulfuric acid and which of the following reagents is needed for
Reaction 4?

[J A KOH
[0 B KMnO,
[JC HO
OD O

(e) The reaction of propene in Reaction 4 can be classified both as

[J] A | addition and reduction.
[J] B | addition and oxidation.
[] € | freeradical substitution and reduction.

[l D | freeradical substitution and oxidation.

(Total for Question 16 = 5 marks)

TOTAL FOR SECTION A =20 MARKS
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

17 This question is about the preparation of the alum, potassium aluminium sulfate,
KAI(SO,),.12H,0. Itis a double salt consisting of potassium ions, aluminium ions and
sulfate ions, and water of crystallization.

(@) The first step of the preparation involves adding an excess of aluminium foil to 10 cm?
of 2 mol dm~3 potassium hydroxide to form potassium aluminate.

The equation for this reaction is
2Al(s) + 2KOH(aq) + 2H20(I) — 2KAI02(aq) + 3H,(9)

(i) Write a balanced ionic equation for this reaction.

(i) Calculate the number of moles of potassium hydroxide used.

(iii) Hence state the number of moles of aluminium that react with the potassium
hydroxide.

(iv) Use your answer to (iii) to calculate the mass of aluminium that reacts with the
potassium hydroxide. Use the Periodic Table as a source of data.

10

P41 21 2 A 01 0 2 4



(v) Calculate the total mass of aluminium added to the potassium hydroxide if a
10% excess of aluminium is required.

(vi) Identify two hazards in this first step of the preparation.

(b) The second step of the reaction is the addition of a slight excess of 1 mol dm™3
sulfuric acid.

(i) Balance the following equation for the reaction

KAIO,(aq) + H,SO,(aq) — KAI(SO,),(aq) + H_O(l)

2

(ii) Calculate the volume of the 1 mol dm=3 sulfuric acid that reacts with the
potassium aluminate.

(iii) State how you would show that the acid had been added in excess.

P41 21 2 A 01 1 2 4

11
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*(iv) State and explain the steps necessary to obtain pure, dry crystals from the
mixture.

(vi) Suggest the formula of another metal ion which could form an alum, in
combination with potassium and sulfate ions.

(Total for Question 17 = 17 marks)

12
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18 This question is about lithium iodide, an ionic salt.

(a) Draw dot and cross diagrams for the lithium and iodide ions. Show all the
electrons in the lithium ion but only outer shell electrons in the iodide ion.

(b) On the Born-Haber cycle below, fill in the missing formulae (including state
symbols) and the missing enthalpy change.

.......................... o
E_[Li(g) ‘ Eafﬂn(g)]‘

L|(g) .........................
AH_[Li(s)] ‘ ......................... ‘

......................... T

13
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(c) Calculate the electron affinity of iodine, E__[I(g)], using the data below.

aff1 [

AH/kJ mol™

Lattice energy for lithium iodide, AH, 759
Enthalpy change of atomization of lithium, AH_, +159
Enthalpy change of atomization of iodine, AH_, +107
First ionization energy of lithium, E__ +520
Enthalpy change of formation of lithium iodide, AH, -270

(d) The experimental lattice energy for lithium iodide is =759 kJ mol~". The
theoretical lattice energy is different from this value.

Will the experimental lattice energy be more negative or less negative than the
theoretical lattice energy? Justify your answer.

P4 1 2 1 2 A 0 1 4 2 4



(e) State and explain how electron affinity values change as you go down Group 7
from chlorine to iodine.

(Total for Question 18 = 12 marks)

15
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19 Hydrogen has three isotopes, 'H, known as protium, °H, deuterium, and 3H, tritium.

(@) In terms of sub-atomic particles, give the similarities and differences between
atoms of these three isotopes of hydrogen.

(b) When a nitrogen atom collides with a high energy neutron, one atom of tritium
and one atom of another element are formed. Complete the equation below.

14 1 3
7N+0n—>1H+

(c) Tritium-deuterium gas, consisting of molecules each containing one deuterium

atom and one tritium atom, is used in some nuclear warheads. Typically, each
warhead has about 4.0 g of the gas added.

(i) Calculate the number of moles of tritium-deuterium in 4.0 g.

(ii) Calculate the volume, in cm?, of 4.0 g of tritium-deuterium gas.

[Molar volume of a gas under these conditions = 24 000 cm* mol-']

16
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(d) Tritium is not usually included in calculations of the relative atomic mass of
hydrogen, because it is radioactive and has a relatively short half-life.

Calculate the relative atomic mass of hydrogen with the following isotopic
composition. Give your answer to four decimal places.

Isotope Mass number Relative abundance
'H 1.0078 99.9850
’H 2.0141 0.0150

(e) The electronic energy levels in hydrogen are shown below.

N = oo
n=4
n=3
n=2
n=1

(i) Mark on the energy level diagram, with an arrow, the transition that
represents the ionization energy of hydrogen.

17
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(i) In some versions of the Periodic Table, hydrogen is placed in the same group
as sodium. Give the electronic configurations for both a hydrogen atom and a
sodium atom, using the s and p notation.

Use these electronic configurations to suggest why this is a reasonable
grouping.

*(f) Which element in the Periodic Table has the highest first ionization energy? Justify
your answer.

(Total for Question 19 = 15 marks)
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20 This question is about the gas ethane, CH, and its reactions.

(@) Write the equation, including state symbols, which represents the reaction taking
place when the standard enthalpy change of combustion of ethane is measured.

(b) Ethane can react with chlorine to form chloroethane and hydrogen chloride.

CH(g + Cl@ — CHCl(g + HCl(g)

Bond Bond enthalpy/kJ mol™
C—H 413
c—C 347
—d 346
H—Cl 432
a—da 243

Rewrite this equation using displayed formulae.

Use the equation you have written, together with the bond enthalpy data, to
calculate the enthalpy change for the reaction.

19
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(c) This reaction takes place in a number of steps, some of which are shown below.
Step 1 c, —» 2d-
Step 2 CH,CH,+Cls — HC + CH,CH,.

(i) State the type of reaction occurring in step 1 and the conditions needed for
this step.

GO OIS ..o

(ii) Complete the equation below for the third step of the reaction, and show the
movement of electrons using the appropriate arrows.

CHCH. + C—Cl -

(iii) Write equations for two termination steps in this reaction.

(d) Ethane can be cracked in industry. Write an equation for the cracking of ethane.

(e) Suggest two reasons why cracking of larger alkane molecules is important in
industry.

R A ON T e e et ettt
RSO 2 oot e e eee ettt ettt e et
(Total for Question 20 = 16 marks)
TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS
20

P41 2 1 2 A 0 2 0 2 4



BLANK PAGE

P41 21 2 A 0 2 1 2 4




BLANK PAGE

22

P4 1 2 1 2 A 0 2 2 2 4




BLANK PAGE

P41 2 1 2 A 0 2 3 2 4




€0l 01 10} 00l 66 86 L6 96 G6 76 €6 6 16 06
WNIDUSIME) [ WNLSqou |wnialepuaiu | WNIWID) | WNIUIS)SULS |winiuiojijed| wniayaq wnun wnpuswe [wntuoind (wniunjdau| wnwein  (wnwpoejoid| wnoy)y
1 ON PW w4 s3 o) g w) wy nd dN n ed ylL
[z67] | [ps?l | [oszl | [eszl | [vsdd | Dszl | [svdd | [evdd | [evdd | [zpdd | (2] 8€T [1€7] [AX4
VL 0L 69 89 9 99 G9 9 €9 29 19 09 6G 89 .
wnpaIn) [wniquanA | wnynyy wniqud | wniwoy |wnisoudsAp( wnigiey [wnwunopes | wnidouna | wnuewes |wniyiswold|wniwAposu (wniuwkposserd|  winiiad SOLISS SpHIRY
n7 qA wl 43 OH Ag qlL PO n3 ws wd PN d ) $aL13s apiueyjueT ,
GLl €Ll 691 191 Q91 €91 6G1L yA]) rA°q} 06l [z¥1] 144" Il orl
LLL oLl 601 801 L0l 901 G0l 0l 68 88 18
_Umumu.—ucwsujm >:3h jou u3ﬂ E:.—CwMuCNE winipejsuuep | wnusujlaw|  wnissey wnuyoq EJ_M‘_OQMMm wniugnp | wnipjojsipnu - wintutjoe wnipeu winoue.uy
payiodal uaaq aAey 9| -7} | SJOQWNU DLLIOIR YIIM SJUSW)J mw_ sd W SH ygd mm qd N £V ey 14
leedd | Dizd | (897 | [zzdd | vodd | [992] | [z9dd | [v9add = [zzd | [o9zadd | [ezdd
98 a8 ¥8 £8 8 18 08 6L 8L LL 9L S |74 €L L LS 9% T
uope. auneise | wnioyod | ynwsiq pea) wnieyy | Aindssw po8 wnuield | wnipul | wnuwso | wnwsys | usissun) | wnejuey | wniujey wnueyjue)| wnieq wnisaed
wy v od g qd 1L 8H ny d d] SO 2| M el JH M- eq s
[zzz]l | [orz]l | [e0z] | 0°60Z | 7'£0Z | ¥'¥OZ | 9°00Z | 0°L6L | L'G6L | Z'T6l | T06L | Z°98L | 8°€8L | 6°08L | G'8ZL  6'8EL | €/EL | 6°TEL
121 €G S 19 0§ 6v 114 Ly 9 S 144 €& IA4 (34 o 6€ 8¢ L€
uouax autpot | wnunyay | Auownjue ury wniput | wniwped J9ANs [ winipeyed [ wnipoys |wniuayina |wnpauyda) jwnuapghow| wniqotu | wntuoddiz | wnuA [ wniuosys | wnipignu
)4 | 9l qas us uj PO 8y Pd Yy my o1 ow qN 1z A AS qQy
€1El 6°9C1 9°/TL 8'LT) L°811 8Ll vl 6°L01 901 6°201 1710} [86] 6°G6 6°26 e 6'88 9°/8 G'G8
9¢ GE 143 X3 (43 (23 0€ 6C 8¢ LT 9¢ YA 144 €T 144 Lz 0t 6l
uoydAy aulwouq | wnwa)es | owasie |wniueuss| wnies oulz 12ddod 19¥d1u }jeqod uolt asaueSuew | wniwolyd | wnipeueA | wniuejy | wnipueds [ wnoyed | wnissejod]
M ig oS sy 99 e uz no IN 0D 94 uw D A L oS e) A
8°€8 6°6L 0'6L 6'vL 9L L69 ¥'q9 S'€9 £°8S 6°8S 8°6G 6'¥S 0°¢s 6°0G 6'Ly (4 (04 1°6€
] L) 9l Gl vl €l (z1) (11) (oL) (6) (8) (2) (9) (s) (¥) (€) [42 H
uoBie auloyd anjins  [snioydsoyd| uodis  |wniuiwnie wnisauSew | wnipos
Iy 1D S d IS v 8w | eN
6°6¢ G'Ge YA 0'Le 1°8C 0°LT |3 44 0°€¢
(o]} 6 8 L 9 S Jaquinu (uojoud) diwole 14 €
uosau auLion)y uasAxo uaosu | uogued uoJoq sweu wnmAiaqg | wniyin
SN E| 0 N ) g JoquiAs drwole og 1
0t 0’6l 091 ovi 0zl 801 SSBUW Dlwoje sAljeial 06 6'9
T (Z1) (91) (s1) (1) (€1) ! Aay| (2) (1)
wnyay
uagolpAy
9H
; H
0¥ 0’
(81)
(8o L 9 S 14 € A 2

SJUSWa)3 Jo 9)qeL JIPOLISd Sy L

2 A0 2 4 2 4

2 1

1

P 4

24



