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For this paper you must have
e a calculator.

Time allowed: 2 hours

Instructions

Use blue or black ink or ball-point pen.

Fill in the boxes at the top of this page.

Carry out all three exercises.

Answer all questions.

Answer questions in the spaces provided. All working must be

shown.

e Do all rough work in this book. Cross through any work you do not
want to be marked.

o Take careful note of all the instructions given in each exercise.

e The Periodic Table/Data Sheet is provided on pages 3 and 4. Detach

this perforated sheet at the start of the examination.

Information

¢ You must not use note books and laboratory books.

e The maximum mark for this paper is 30.

e The skills which are being assessed are
Skill 1 Planning (8 marks)
Skill 2 Implementing (8 marks)
Skill 3 Analysing (8 marks)
Skill 4 Evaluating (6 marks)

e You will be assessed on your ability to use an appropriate form and
style of writing, to organise relevant information clearly and
coherently, and to use specialist vocabulary, where appropriate.

Advice

e You are advised to spend about 40 minutes on each of the three
exercises.
e You are advised to carry out Exercise 1 first.
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This paper consists of the following.

Exercise 1 Implementing and Analysing Titration of a sample of hydrochloric acid

Exercise 2 Analysing and Evaluating Determination of the molar enthalpy change for the
reaction between an acid, HA, and potassium

hydroxide solution

Exercise 3 Planning Determination of the number of molecules of water
of crystallisation in hydrated barium chloride.

An essential part of any practical work is to plan for the most efficient use of the time available.

There is enough time to complete the exercises set provided that a sensible approach is used.

You are advised to spend approximately
40 minutes on Exercise 1

40 minutes on Exercise 2
40 minutes on Exercise 3

APW/Jun07/CHM3/P

LEAVE
MARGIN
BLANK



€0} c0l [40]" 00} 66 86 L6 96 G6 6 €6 6 16 06
wnIouUaIMeT | WNIIBQON | WNIABIBPUS | WiNIWJe4 | wnjuielsulg [ wniuioye) | wniayiag wnun) | wnpuawy | wnuoinid E:_ME%Z wniueln | wnuioeloid | wnuoy sepIuloy €01 — 06 ._.
n ON | PN | wd | s3 19 g | wo | wy | nd N n ed uL
(092) (652) (852) (£62) (ese) l'2se L'Lve L'Lve L'Eve I'6€2 0°/€2 0'8€e 0°1€2 02gee
(YA 0L 69 89 /9 99 S9 79 €9 29 19 09 69 8S
wnpeiN | wniqienA | wninyl wnig3 wnijwjoH Ez_m>oaw>n_ wnigig] | wniuopes | wnidoing | wnuewes | wniyawold | wniwAposy | wnjwAposseld |  wnua) sepluBylUET L. — 86 ,
Nl | gA | wL | J3 | OH a | a | po | n3 | ws | wd | PN | id L)
0'GLI 0'eLt 6'891 €/91 6791 G'col 6'8G| €/S1 0'cSt ¥'0G} 544" gyl 6'0vI Lovh
i 68 88 /8
wniuioy wnipey wniouelq
v ey 14
lcc 0'9¢c 0'€cc
98 S8 ¥8 €8 8 18 08 6L 8. L. 9L =7 v, €L cl| x .S 98 1]
uopey aupeisy | wnuojod | yinwsig pea wnijleyL AinoJa ploo wnuie|d wnipy| wniwsQ | wnuayy | uesbuny | wnpejuel | wnueH |wnueyuel| wnueg wnisaen
ud v od g dad IL BH ny d 1 sO 9d M el H e7 eg $J
0'cec 0'0le 0'0lc 0’602 (A ¥'¥02 9'00¢ 026} 1’66} c¢cbl ¢’ 06} 298l 6'€8l 608} S'8LI 6'8E} €LE| 6'cEl
14 €9 4°] LS 0S5 6v 214 Ly 14 14 144 974 (414 (87 oy 6€ 8¢ A
uouay auIpo| wnungl | Auownuy ull wnipu| wniwpen JBNIS wnipejed | wnipoyy |wniuayiny | wniauyds] | wnuspgAiop | WNIQOIN | wnuodliz | WnNURA wnipuons | wnipigny
) ¢ | 9L qas us uj (0] By Pd yy nyd oL O aN 1Z A 1S q4d
€EL 6'9¢} 9'/¢cl 8'lch L'8L1 8Vl vell 6,01 7901 6'c0} L L0} 6'86 6'G6 6'¢c6 c'I6 6'88 9°/8 G'G8
9€ 1) € €g c€ 1€ 0€ 62 8¢ lc 9¢ Gc e €c ac (%4 0c 61
uoldAiy aujwolig wnjus|es oluasly | Wwniuewssy) | wnien oulz Jaddo)p |19YOIN eqo) uoJ| asauebuel | wniwoly) | wnipeueA | wnuel] | wnipueds | wnpe) | wnisselod
2D/ ig oS sy 29 ey uz no IN 0D od U 1 A 1L oS el A
8'€8 66 0’6 6'v. 9'cL /1'69 ¥'G9 S'€9 /'8S 6'8S 8'GS 6'vS 0'cs 6'0S 6'Ly 0'Sy L0y }'6€
8l LE 9l Gl 14" gl cl HE
uobuy aulolyn Jnyding  [snioydsoyd| uodiiS wnuiwnpy wnissubepy | wnipos
v [0) S d IS v B eN
6'6€ g'Ge (4> 0'Le '8¢ 0'Le €ve 0'€e
ol 6 8 L 9 S € Jagunu Jdlwoje 14 €
uosN auuon|4 uabAxQ uaboluN uoquen uolog wniyu wnijAieg wniyu
°oN E| o N ) g "1 od L
202 06} 09} ovk ozck 80! 6'9|—— SSEW JlWoje dAle|al 06 69
4 !
wnieH K uabolpAH
<)
oH A H
% ot
0 lIA IA A Al ]| | |

‘uonsonb [enpraIpur ue ur 9SIMIAYIO
Po3e)s SSO[UN UOTIBUTWEXS Y} UI 9SN JOJ dIe J[qe) oY) UI UMOYS SISSBW JIWOje dATe[aI ojewrxoldde pue sroqunu orwoje oy,

Sluawalg ay} Jo 3|qeL dIpolad ayL

APW/Jun07/CHM3/P



Gas constant R = 8.31 J K" mol™!

Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-3.9
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
c—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 25003000
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Exercise 1 Titration of a sample of hydrochloric acid
Skill assessed Implementing (8 marks)
Introduction

You are provided with a sample of hydrochloric acid of concentration approximately 0.1 mol dm™.
Titrate the hydrochloric acid with the 0.100 mol dm™ solution of sodium hydroxide provided.

Wear eye protection at all times.
Assume that all solutions are toxic and corrosive.

Procedure

1 Rinse the burette with the sodium hydroxide solution provided. Set up the burette and, using
a funnel, fill it with the sodium hydroxide. Record the initial burette reading in the table
below.

2 Rinse a pipette with the hydrochloric acid provided. Using this pipette and a pipette filler,
transfer 25.0 cm® of the hydrochloric acid to a 250 cm? conical flask.

3 Add 3 or 4 drops of phenolphthalein indicator to the conical flask. During this titration, the
indicator changes from colourless in acid solution to pink in alkaline solution. The end-

point has been reached when the solution just turns pink.

4 Add the sodium hydroxide from the burette until the mixture in the conical flask just
changes colour. Record your final burette reading in the table below.

5 Rinse the conical flask with water and repeat the titration until you obtain two titres which
are within 0.10 cm? of each other. (You should do no more than five titrations.)

Have one of your final burette readings checked by your supervisor.

6 Calculate and record the average titre.

Results

Final burette reading/cm3

Initial burette reading/cm3

Volume of sodium hydroxide used/cm?®

Tick the titres to be used in calculating the average titre

Average titre = ............eoueenns cm

For Examiner’s use only
M C P
T A
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Exercise 2 Determination of the molar enthalpy change for the reaction between an
acid, HA, and potassium hydroxide solution

Skills assessed Analysing (8 marks) and Evaluating (6 marks)

Introduction
An acid, HA, reacts with potassium hydroxide as shown by the following equation.
HA(aq) + KOH(aq) —> KA(aq) + HO(l)

Using a measuring cylinder, a student measured out 50 cm? of a 0.950 mol dm™ solution of the
acid. This solution was set aside for later use.

Using a second measuring cylinder, the student measured out 50 cm? of a 1.00 mol dm™ solution
of potassium hydroxide and transferred it to a plastic cup. This cup was placed in a beaker to

provide insulation and support.

A thermometer was mounted in the cup using a clamp and stand. The bulb of the thermometer
was fully immersed in the liquid.

The student recorded the temperature of the liquid in the cup every minute, stirring the liquid
before reading the temperature.

At the fourth minute the student added the 50 cm? of acid, but did not record the temperature. The
student stirred the mixture thoroughly, then recorded the temperature at the fifth minute.

The student continued stirring and recording the temperature every minute for five more minutes.

The student’s results are shown below.

Time / minutes 1 2 3 4 5 6 7 8 9 10
Temperature/°C | 18.9 | 18.9 | 18.9 - 245 | 242|243 |23.6 | 23.3 | 23.0
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Analysis Full marks can only be scored if you show all of your working.

1 Plot a graph of temperature (y-axis) against time on the grid below. Draw a line of best fit
for the points before the fourth minute. Draw a second line of best fit for the points after the
fourth minute. Extrapolate both lines to the fourth minute. Use the lines to determine the
temperature rise at the fourth minute.

Temperature rise at the fourth minute ..................... °C

Turn over »
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2 Use this temperature rise to calculate the heat given out during this experiment. Assume that

the solution has a density of 1.00 gcm’3 and a specific heat capacity of 4.18J K g’l.

3 Calculate the number of moles of HA present in the 50 cm? of 0.950 mol dm™ solution.
Hence, calculate the molar enthalpy change of neutralisation for the acid.

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

50cm?® measuring cylinder ~ + 1.0cm?
thermometer +0.1°C

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

You should use the temperature rise from your graph to estimate the percentage error in
using the thermometer.
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Evaluation Full marks can only be scored if you show all of your working.
1 Consider your graph and comment on the results obtained by the student. Explain why your

lines of best fit are good enough for you to extrapolate with confidence. Identify any
anomalous results.

2 A data book value for the molar enthalpy change for this reaction is —55.0kJ mol .
Calculate the difference between your answer in part 3 of the Analysis and this data book
value. Express this difference as a percentage of the data book value.

(If you could not complete the calculation in part 3 of the Analysis section, you should
assume that the student’s enthalpy change is —48.5kJ mol™!. This is not the correct value.)

DIffETENCE ..ottt ettt e e e e e e et e e e e a e e e abe e e e e ataaeeeanaaee e e nraaaeeennaees
POICONIAZE ...ttt et ettt e e e e e e ettt e e e e e e ettt e e e e e eeeaanes

3 Identify the main source of error in this experiment. Suggest one improvement to minimise
this main source of error.

4 Identify one other source of error in this experiment. Do not include apparatus errors.
Suggest one improvement to minimise this other source of error.

Turn over »
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Exercise 3 Determination of the number of molecules of water of crystallisation in
hydrated barium chloride

Skill assessed Planning (8 marks)
Hydrated barium chloride crystals contain water of crystallisation. Heating removes all of the
water from the crystals.
BaCl,.2H,0(s) —> BaClx(s) + 2H,O(g)

Barium compounds are toxic.
You are provided with a sample of hydrated barium chloride. Assume that you have access to a
balance which can be read to two decimal places. Use the information above to complete the
following tasks.

1 Calculate the relative formula mass, M,, of BaCl,.2H,0 and of BaCl,

2 Suggest a suitable mass of hydrated barium chloride to be used. State your reasons for

choosing this mass. Explain why using either a very large or a very small mass of hydrated

barium chloride could lead to an inaccurate result.

3 Describe the apparatus you would use, and give a detailed description of the measurements
you would make. You may draw a diagram, if you wish, to help to illustrate your description.

4 Show how you would use the measurements to confirm that the formula of hydrated barium
chloride is BaCl,.2H,0O

5 Describe briefly the potential hazards of this experiment. State the relevant safety
precautions you would take.

END OF QUESTIONS
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