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< i ihsll'uctions to candidates
Answer ALL quesﬁo,;-:x in the spaces provided.
Mathematical tables and electronic caleulators may be used.
All working MUST be clearly shown where necessary.

For examiners’ use only
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Ipa) Sulr}hLu can b®converted into %uiphuuc acid using the ﬂ:}iiowmg steps.

I -
ﬁuijzmﬁQ (s ___iﬁff_.. Sulphur
Qq, r{YI) omie (VI) acid g
Wx%wmmm . '{ S ST ——— A oottt ramans et A e
& |
i.  Which step requires a catalyst? Name the preferred catalyst used. (2 marks)
Si‘ep '

Catalyst used

- i Use two equations to show how step C is carried out on an industrial scale. (2 marks)

iii. Sulphuric (VI) acid obtained in this process has concentration of 18.4 moles/litre. .
Describe briefly how one would safely prepare 2 litres of 2M sulphuric (VI) acid.
(3 marks)

iv. Another large scale source of sulphur (IV) oxide in the contact process is the roasting of
metallic sulphides in air. Write a balanced equahon showmo roasting of zinc su?phldu
(1 mark) -
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'b). Other than its use in the 1}1;1\5{&&{:1111‘6 of sulphuric (V1) acid, Sulphur (1V) oxide has other

uses: State another use\&{&‘julp]w:‘ (1V) oxide that depends on each of these properties.

. ‘ SOEY s, _ R
i) A.hiliLy to lf;_lf_.bac&c\m}l. . - L o ! 1‘3'1'c1'r_k_}__.
&’
S
- 11) Bleacldng properties ' ) (Imark)
G ' ' o
2) déq‘he flow diagram below shows large scale production of ammonia.
A _ _
Giag N fromt alr -~
@Q’ as N from air - |
<& N .
o : fa
@S Gas Y made fons wg
miethane

onele

A = b E
AT

1. Name gas X and gas'Y o . ' (1 mark)
gas X

‘gas ¥V

ii. - Write the chemical equation to represent production of gas Y from methane. (1 mark)
iii. Name the catalyst used in reactor ' ' (1 mark)
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tv. Write a balanced e.qu,%g\&a for the reaction in the reactor. ; 2 (1 mark)

g :
v. Inthe c_:onds{a‘é%’er, the mixture is cooled to separate ammonia as a liquid.
State ongweason why unreacied gases are recycled. (1 mark)
: ) . :
Q
Q"é\

IL?)' The diagram below shows the percentage of ammonia made at different temperature and

pressure. :
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i. Comment on how pressure and temperature affect the yield of ammonia. (2 marks)

pressure
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1. State the optistim temperature and pressure at which ammonia is usually produced.
& ' - (1 mark
o | ( )
Q‘@p;‘f.«m.-m pressiire
i X u
Q,g: ' . _ .
< Optimum iemperaiure
&
&
&Q/
\{/ ¢) Ammonia produced is used in the manufacture of nitric (v) acid. This process involves the
<O catalytic oxidation of ammonia and occurs in 3 stages. Write equations for the reactions involved
in the three stages. . (3 marks)
stage 1
stage 2
stage 3

d) A garden lawn fertiliser contains ammeonium nitrate.
5 . . . - ” % ) i
1. Describe a simple chemical test to show the fertiliser contains ammonium NH, ", ions.

(2 marks)

ii. State one environmental or health problem which would occur if excess of the fertiliser is

leached out into lakes and rivers. ' _ (1 mark)

19



9 .
5 ) RS ; . L ; )
3 a) The reacyggn between chlorine and sodium hydroxide solution depends on the concentration
. ) lepenc

and the t(;\l'nﬁerature of sodium hydroxide.
9

| i) S@g?he con.ditinns under which sodium chlorate (V) is formed. (1 mark)
e .
o
'\QI
< W . i) State the d{:iservation made when chlorine gas is bubbled through a solution of potassium

-bromide. - ' ' (1 mark)
1) Write an fonic equation to represent the reaction that occurs in b(ii) above.(1 mark)

iv)Use the ionic equation to identify the oxidising agent and give a reason for your answer.

(1 mark)

b) Chlorine reacts with sulphite ions in presence of water as shown in the equation

Clgyt SO3% (agy tH2O() oo > 80 gt 2H gyt 2CT gy

Use the oxidation numbers of chlorine and sulphur to show that this is a redox reaction.

(2 marks)

¢) The diagram below shows apparatus used in a school laboratory for the electrolysis of an
aqueous solution of sodium chloride. _

20
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@ i Write the formula of all the ions present in the cleélrolyte. ' (2 marks)
&
ii. State whether the electrolyte was dilute or a concentrated. (1 mark)
li. Write an equation for the reaction that occurs at the negative electrode. (1 mark)

iv. What is the effect of this electrolysis on the pH of the resulting solution. Explain.

(2 marks)

4) Crude oil is a mixture of different compounds. Most of the compounds are hydrocarbons.
Fractional distillation is used to separate crude oil into fractions such as petrol, kerosene and
diesel. The dfagram below shows a fractionating column used for separation of crude oil. Study
it and answer the questions that follow. ‘
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a) What does the term hydrocarbon mean?
b) Name the main gas that is found in the natural gas fraction.

c) State how the following compare.

1. Boiling point of fraction B and C
ii. Flammability of fraction B and C

iil. Number-of carbon atoms in fraction B and C compare.

(1 mark)

(1 mark)

(3 marks) -

d) Octane is a hydrocarbon that belongs to'the petrol fraction of the crude oil. It bélongs to the

homologous series known as alkanes.
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1) State two general r:hara-:;u‘.riss{i%s of a homologous series. . (2 marks)

R
=
J$
: \6 .
11) Liquid octag@can be cracked in the laboratory using the apparatus below.
R
&
Q—@ Gaseous mixture of
| " hydrocarbons

Liquid octane soaked
in mineral wool

L U T =

I) What is meant by the term ‘cracking’?. (Imark)

IT) The products formed when a molecule of octane is cracked are two molecules of ethene and
one more product X. Identify ‘;tht']HCC X and write the chcnncal equation to represent this

cracking process. - (1mark)

I1T) Describe a simple chemical test that can be used to distinguish ethene and the substance X.
(2 marks)

¢) Ethene is industrially used to produce high purity ethanol by reacting it with steam.
State the three conditions used. ' ' ' ' (2 marks)
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) When petr%@s used as a fuel in car engine, the exhaust gases contain nitrogen oxides. Explain
how nitrog& oxides are formed. ; _ (1 mark)
&S |
Q’O’
<
&
Q;Q’
<<\
S
< 5 a)The diagram below shows the reaction profile for a certain chemical change.

QO

;/—\\ products
/

energy
_r;-a;tanis
progress of reaction ”
i) State with a reason whether the change is exothermic or endothc.:rmic‘ (1 mark)

i) Indicate on the diagram activation energy AH. for the forward reaction and the overall energy

change AH for the reaction. L o _ ' (2 marks)
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b) Enthalpy oi‘ccnnbusiim@%nd"emh'alp_\' data and Hess’ law can be used to determine enthalpy
: 5 = 2 ST < X g 3 £
change for some reacidpnis. -
EET . S _
i) Define the 1‘c%¢ﬁslandard enthalpy of combustion (I mark)
Q
X
<&
&
Q_)@ixs State the Hess’ law _ - (1 mark)
<& | '
&QJ
S
b) The following data gives some standard enthalpies of formation of a number of chemical
substances. '
Chemical substance C;HsOH COs ’ H-0
: - - ! = . ———
| Enthalpy of | =277 -394 -286
formation (kimol™)

| |' -
Use this data and a thermochemical cycle or otherwise to calculate the enthalpy of combustion of

ethanol. ’ - (3 n"iarks)
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d) Hydrogen can be used as a {u;ﬁ' in cars.
i) State one advar Lagé of Wing hydrogen as a fuel. - ' : ' (1'mark)
AR :
K
&’
R

: Q
ii) The %h}mic'a] equation for the combustion of hydrogen is

%
i@(g) * 02 e 21'120 0]

Q&Q’ Use the bond energies in the table below to calculate the energy change for this reaction.

Bond ' _ Average bon.d en’er_gx klmol
H-H e 436
| O-0 ' | - 146
| O-H . | 464
0=0 " 497

(2 marks)

-6) This question concerns the chlorides of elements sodium to sulphur of the third period of the

periodic table. The melting point of these chlorides 4dre given below.

Chloride | Sodium Magnesium Aluminium Silicon (IV) ‘ Phosphorous 1
chloride chloride chloride chloride | (V) chloride
| Melting | 801 712 | Sublimesat |70 . | -80
point °C | . 183 . _ ‘
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a) Explain in terms: of bor@g and structure why sedium chioride has a higher melting point
than silicon (IV) chloggg®. ' a . (2 marks)
&’
R
Q
X
e

@‘o
Q,Qb) Give the possible pH value of the solution formed when the following chlorides are dissolved

< in water
o 3

N _ | o : :
N\ Magnesium chloride ~ (fymark)
((0\ i _ _

- Aluminium chloride ' ('/>mark)
¢) Aluminium chloride hias a molecular formula of Al,Cls. Draw the structural formula (not dot

and cross diagram) of aluminium chloride and indicate clearly the different types of bonds

present. _ (2 marks)

d) Draw a dot(.) and cross (x) diagram to show bonding in Magnesium chloride(atomic
numbers of Mg=12, CI=17). (2 marks)
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7 The grid ht@? shows a part of the periodic table and the positions of some elements

labelled & N. The letters used do not represent the actual chemical symbols.
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X2 ’ .| C ] M K
& * N N L

Use it to answer questions that follow

a) Which letter represents

. Aluminium.

i. An alkaline earth metal.

iii.  An element that can form an oxide that is strongly alkaline in water.

iv. * Anelement that can form an ion of a charge of -3 with an electron arrangement

of 2:8:8. _ (2 marks)

b) Use the letters to indicate element(s)

i With the largest atomic radius. ' (‘/mark) -
1. That is magnetic. ' ('/mark)
iii. That are metalloids. - ~ (Imark)
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c) 1) What nameis givn:;';{s\l@he group of eiements containing H, J, K and N.

3 B i 3
§§‘ ; LR T L famark)

i) How does gye'melting point of ‘these elements change as you go down the group?:

i

Explain. 64 ' - '  (1'fmarks)

e

R
R
& Al
: Q’?fc’
@‘o
~&7 d) State and explain how

o S

<& i. -Ionisation energy of elements A and B compares. (1'/;marks)
< i .
¥

ii. Reactivity of elements A and T compares. (1'/marks)
iil. Melting point of A and B compares. (1 l»’;_marks)
iv. Mc]ling point of A and F compares. : (1'/;marks)
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