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SECTION A

Answer all questions in the spaces provided.

1 Hydrogen is produced on an industrial scale from methane as shown by the equation below.
CHa(g) + H,O(g) === CO(g) +3Hy(g) AH®= +205kJmol™

(a) State Le Chatelier’s principle.

(b) The following changes are made to this reaction at equilibrium. In each case, predict
what would happen to the vield of hydrogen from a given amount of methane. Use

Le Chatelier’s principle to explain your answer.
note C.€ F not decrease bt

(i) The overall pressure is increased. Mari on ifre Gmswer

(ii) The concentration of steam in the reaction mixture is increased.
C £ ;75 wro,&j ~ns abose

Effect on yield of hydrogen mg@mﬁ{a} ............................................................
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(6 marks)

(c) At equilibrium, a high yield of hydrogen is favoured by high temperature. In a typical
industrial process, the operating temperature is usually less than 1200K. Suggest two
reasons why temperatures higher than this are not used.
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The diagram below represents a Maxwell-Boltzmann distribution curve for the particles in a
sample of a gas at a given temperature. The questions below refer to this sample of particles.
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(a) Label the axes on the diagram. (2 marks)

(b) On the diagram draw a curve to show the distribution for this sample at a lower
temperature. (2 marks)

{(c) Inorder for two particles to react they must collide. Explain why; most collisions do not
result in a reaction.

< Eo (1) ormusthave enpugh engzgy(& react)

(I mark)

(d) State ome way in which the collision frequency between particles in a gas can be
increased without changing the temperature.

o mitenk contenbrabion [ropregace) (1)
- (I mark)

(e) Suggest why a small increase in temperature can lead to a large increase in the reaction
rate between colliding particles.

(wm KE i

(f) Explain in general terms how a catalyst works.

/

(2 marks)
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(2)

(b)

(©)

®

Identify the halogen that is the strongest oxidising agent.

(1 mark)

Describe what vou would observe in each case when aqueous silver nitrate is added
separately to dilute aqueous sodium fluoride and to dilute agueocus sodium iodide. Write
an equation, including state symbols, for the reaction between aqueous sodium iodide

and aqueous silver nitrate. el celowrless Joluwbion

Observation with NaF(ag) Jisiortss S 0 SO 0@”&‘*“‘“‘5@}@“"{&55 ......

3 marks)
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Describe what you would observe when concentrated sulphuric acid 15 added to solid
sodium chloride. Write an eguation for the reaction that occurs.
(steany 3 woT dreohe
Observation ... 5. Gobdb@ . JTEES N e,
misEy :
Eguation ... ﬁ;ﬁ.ﬁi"‘f“%‘f

(2 marks)

Describe two observations that you would make when concentrated sulphuric acid is
added to solid sodium iodide. Write an equation for a reaction that occurs in whic
iodide ions are oxidised by the sulphuric acid. (" puncenl
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Describe the colour change that you would observe when an aqueous solution of iodine,
to which starch solution has been added, reacts with an excess of Na,S,05. Write an
equation for the reaction that occurs between 1odine and NayS,0;.
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4 The extraction of metals involves redox reactions.

(a) In terms of electrons, state what happens in a redex reaction.

(b) Titanium is extracted from titanium(IV) oxide in a two-step batch process.

(i) Write an equation for the first step in this process in which titanium(IV) oxide is
converted into titanium(IV) chloride. Identify the oxidising and reducing agents

inthisstep.gr TeDy +C +2Ch =9 TeCle + Co, c+cly ()
Telp +2C 426 =2 Tilly + 20 balance (1)

Equation ... e Y2 T 4L T &60, 77 bl + L O Zalance (

%, ﬂ'ﬂ .
Oxidising agent ... 6 {&é’)é ..... wh ‘;QMN‘&‘{;MMM!W
Reducing agent ....... Q(JE ......... {a”@wg@&é};«%ﬁ’(,m f} ......................

(i) Write an equation for the second step in this process in which titanium(IV)
chloride is converted into titanium metal. State two important conditions for this
step and in each case explain why the conditions are necessary.

Equation

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

OR prevenks Hy D rea aﬁ%?y Wil ‘féﬁi@.jfwj M é marks)

(c) Give the major reason why recycling aluminium is economically viable.
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(2)

(b)

(.

(i) enthalpy (or heat or heat energy) change when 1 mol of a substance (1) (QL mark)

is formed from its elements (1)

all substances in their standard states (1) (or normal states at 298K, 100 kPa or std condits)
(mot STP, NTP)

3 marks
enthalpy change (or enthalpy of reaction) is independent of route (1)
AH =ZAH{ prods - ZAH, reactants (or cycle) (1)
minimum correct cycle is:
MqO + ZH(l —= Mgcly +H, 0
" /
+ H, + ko0
M 4 ¢z . 2 T2
AH =642 - 286 - (— 602 + 2 x - 92) (1)
=— 142 (ki mol™ ) (1) penalise this mark for Wrong units
(142 scores 1 mark out of the last three)
4 marks

AH = mcl (1) (or meAT)
=50x42x32=67201=6.72%J (1) (mark is for 6720 3’ or 6.72 kJ)

moles HCl= wvol x conc = 50 x 3 (1)
1000 1000
= 0.15 (1)  (if error here mark on conseq.)

Therefore moles of MgO reacted = moles HCI/2 (1) (mark is for /2, CE if not /2)
= 0.15/2 = 0.075

Therefore AH = 6.72/0.075 (1)

= 90 kI (mol ) value (1) (kI must be given, allow 89 to 91)
sign (1) (This mark can be given despite CE for /2)

8 marks
15 marks
Note various combinations of answers to part (¢) score as follows:
-89 10 -81 kJ (8) (or —8900lto 910001) no units (7)
+89 to + 91 kI (7) (or +8900%ko +91000T) no units (6)
-44 t0 —46 kJ (5) (or —44000t0 —460007) no units (4} if units after 6.72 or 6720 (5)
+44 to +46 k] (4) (or +44000t0 +46000]) if no units and

if no units after 6.72 or 6720 (3)
otherwise check, could be (4)
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