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You are provided with substance S both as a solid and as an aqueous solution S(aq).
You are required to carry out the following tests.

(a) Place two spatula measures of solid S in a boiling tube. Heat gently using a
Bunsen burner flame. Record four observations made.

[4]

(b) (i) Weigh out approximately 5.0g of solid S using a balance and transfer it to
a 250 cm? conical flask. Add approximately 200 cm?3 of deionised water and
stir using a glass rod to dissolve. Add 10 cm? of dilute sodium hydroxide
solution and swirl the flask. Add approximately 4 cm3 of potassium
manganate(VIl) solution and place on a white tile. Watch the conical flask
carefully and then record four colours observed.

1.

2.

3.

4. [4]

(i) Using the colour observations made in (b)(i) and your knowledge of
transition metal chemistry, suggest why this reaction can be described as a
redox reaction.

[1]
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(c)

(d)

Measure out approximately 10 cm? of S(aq) and transfer to a boiling tube. Add
approximately 5cm3 of Fehling’s solution to the boiling tube. Place the boiling
tube in a hot water bath for a few minutes. State what you observe.

[1]

Measure out approximately 10cm3 of S(aq) and transfer it to a boiling tube. Add
approximately 5cm? of dilute hydrochloric acid to the boiling tube. Place the
boiling tube in the hot water bath for five minutes. Remove it from the water bath
and add sodium carbonate solution dropwise until effervescence stops. Divide
the resulting solution equally between two test tubes.

(i) To the first test tube add approximately 3cm3 of Fehling’s solution. Place the
test tube in the hot water bath. Describe what you observe in the test tube
after five minutes.

[2]

(ii) To the second test tube add 5cm?3 of 2,4-dinitrophenylhydrazine solution.
Place the test tube in the hot water bath and record the observations made.

[2]

(iii) A reaction occurs when dilute hydrochloric acid is heated with sample S(aq).
Explain how the observations you have recorded in parts (c¢) and (d)(i)
support this statement.

[2]

(iv) What evidence is there that an aldehyde is formed in part (d)?

[1]

[Turn over
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2 You are required to carry out four experiments which may be used to determine the
order of reaction with respect to iodide ions. In each experiment iron(lll) ions react
with iodide ions to produce iodine. The iodine formed reacts with a fixed amount of
sodium thiosulfate solution. When all the thiosulfate ions have reacted, a blue-black
colour is observed.

2Fe3*(aq) + 2l(aq) — 2Fe?'(aq) + I,(aq)

28,02(aq) + Il,(aq) — S,0%(aq) + 2I(aq)

(a) Carry out the following procedure:

Fill a burette with potassium iodide solution.

Transfer 8.0 cm3 of potassium iodide solution to a 250 cm?3 conical flask.

Using a dropping pipette, carefully measure out 5cm?3 of sodium thiosulfate

solution into a 10 cm3 measuring cylinder.

Add the 5cm? of sodium thiosulfate solution to the conical flask.

Measure out 21 cm?3 of deionised water and transfer to the conical flask.

Add 10 drops of starch solution to the conical flask.

Swirl the flask and place on a white tile.

Measure out 6 cm? of iron(lll) chloride solution into a 10 cm3 measuring

cylinder.

e Transfer the iron(lll) chloride solution to the conical flask and start the
stop clock.

e  Swirl the mixture and record the time taken, to the nearest second, for the

blue-black colour to appear. Record this value in the table provided.
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Repeat this procedure for experiments 2, 3 and 4 using the volumes of reagents
shown below.

Experiment 2 will be the slowest.

experiment | volume of KI | volume of $,02- | volume of volume of Fe3+
no. solution /cm? | solution /cm3 H,O /cm3 solution /cm?3
2 5.0 5 24 6
3 6.0 5 23 6
4 10.0 5 19 6

Record your times in the table below.

experiment number 1 2 3 4
volume of Kl solution /cm3 8.0 50 6.0 10.0
time /s

initial rate of reaction /s

(volume of Kl solution)? /cm® 64.0 25.0 36.0 100.0

[2]

(b) Using the time values recorded, calculate the initial rate of reaction,

1000
time”’

using initial rate = to 1 decimal place and enter the values in the table.

[2]
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(c) Plot a graph of initial rate of reaction against (volume of Kl solution)2. Draw a
best-fit straight line.

[5]
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(d) (i) Explain the formation of the blue-black colour formed in each experiment.

(1]
) (i) Explain why the same total volume of solution was used in the reaction
CE mixture in all four experiments.
s [1]
ce (iii) Identify one source of inaccuracy in the experimental procedure.
) [1]
ceE
o (iv) Suggest how the reliability of the results could be improved.
[1]

THIS IS THE END OF THE QUESTION PAPER
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General Information

1tonne=10°g
1 metre = 10°nm

One mole of any gas at 293K and a pressure of 1 atmosphere (10°Pa) occupies a volume of 24 dm?

Avogadro Constant = 6.02 x 10?* mol™
Planck Constant = 6.63 x 10734 Js

Specific Heat Capacity of water = 4.2 J g1 K™
Speed of Light =3 x 108 ms™

Characteristic absorptions in IR spectroscopy

Wavenumber/cm™ Bond
550-850 C-X (X = Cl, Br, 1)
750-1100 c-C
1000-1300 c-O
1450-1650 C=C
1600-1700 C=C
1650-1800 c=0
2200-2300 C=N
2500-3200 O-H
2750-2850 C-H
2850-3000 C-H
3200-3600 O-H
3300-3500 N-H

Compound

Haloalkanes

Alkanes, alkyl groups

Alcohols, esters, carboxylic acids
Arenes

Alkenes

Carboxylic acids, esters, aldehydes,
ketones, amides, acyl chlorides
Nitriles

Carboxylic acids

Aldehydes

Alkanes, alkyl groups, alkenes, arenes
Alcohols

Amines, amides

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy

(relative to TMS)

Chemical Shift Structure
0.5-2.0 —CH
0.5-5.5 —OH
1.0-3.0 —NH
2.0-3.0 —CO—-CH
—N-CH
C,H.—CH
2.0-4.0 X—CH
4.5-6.0 —C=CH
5.5-8.5 RCONH
6.0-8.0 —-CH,
9.0-10.0 —CHO
10.0-12.0 —COOH

Saturated alkanes
Alcohols

Amines

Ketones

Amines

Arene (aliphatic on ring)
X =Cl or Br (3.0-4.0)
X=1(2.0-3.0)
Alkenes

Amides

Arenes (on ring)
Aldehydes
Carboxylic acids

These chemical shifts are concentration and temperature dependent and may be outside

the ranges indicated above.
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THE PERIODIC TABLE OF ELEMENTS

vV V Vi

VI

0

Group
1 2 3 4 5 6 7/ 8 9 10 11 12 13 14 15 16 17 18
1 4
H He
Hydrogen Helium
7 9 11 12 14 16 19 20
Li | Be B|C|N|O|F |Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
3 4 5 6 9 10
23 24 27 28 31 32 35.5 40
Na | Mg Al | Si| P | S |Cl|Ar
Sodium | Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
11 12 13 14 15 18
39 40 45 48 51 52 55 56 59 59 64 65 70 73 75 79 80 84
K|Ca|Sc|Ti |V |Cr Mn Fe |Co|Ni |Cu|Zn |Ga|Ge|As | Se | Br | Kr
1P09tassium Calcium Scandium | Titanium | Vanadium | Chromium gl%nganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium| Arsenic Selenium 335romine Krypton
85 88 89 91 93 96 98 101 103 106 108 112 115 119 122 128 127 131
Rb|Sr| Y |Zr [Nb Mo|Tc | Ru|{Rh |Pd|Ag|Cd|In |Sn|Sb|Te | I | Xe
Rubidium | Strontium Yttrium Zirconium | Niobium |Molybdenum| Technetium | Ruthenium | Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
37 38 39 40 41 43 44 45 46 48 49 50 51 52 53 54
133 137 139 . 178 181 184 186 190 192 195 197 201 204 207 209 210 210 222
Cs/Ba|La|Hf Ta| W Re|Os|Ir | Pt |Au|Hg| Tl |Pb| Bi | Po | At |Rn
Caesium Barium Lanthanum | Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
55 56 57 72 73 74 75 76 77 78 79 81 82 83 84 85 86
223 226 227 _r261 262 266 264 277 268 271 272 285
Fr |[Ra|Ac’| Rf [ Db|Sg |Bh|Hs | Mt | Ds | Rg |Cn
Francium Radium Actinium [Rutherfordium| Dubnium |Seaborgium| Bohrium Hassium | Meitnerium |Darmstadtium|Roentgenium|Copernicium
87 88 89 104 105 106 107 108 109 110 111 112
140 141 144 145 150 152 157 159 162 165 167 169 173 175
+58-71 Lanthanumseries | C@ | Pr | Nd |[Pm|{Sm| Eu |Gd | Tb Dy |Ho | Er | Tm|Yb | Lu
-I- 90 - 103 Actinium series Cerium  |Praseodymium|Neodymium [Promethium| Samarium | Europium | Gadolinium | Terbium |Dysprosium| Holmium Erbium Thulium Ytterbium | Lutetium
_ _ 58 59 60 61 62 63 64 65 66 67 68 69 70 71
= 4= {aeé)ag;\éi)atomlc mass 232 [231  [238 237 [242 [243 [247 245 [251 [254 [253 [256  [254  [257
X | x = atomic symbol Th|{Pa| U |Np|Pu|/Am|Cm|Bk | Cf | Es [Fm|Md|No | Lr
b — atomic number 9il')horium Pgritactinium 9;ranium ggptunium 9P4I.utonium 9Aénericium 96Curium 9B7erkelium 9Cglifornium Sigsteinium 1E)e(r)mium 'l\ﬁ)n‘?elevium 1l\(l)ozbelium Iiea(\)/v:;encium
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Advice for centres

» All chemicals used should be at least laboratory reagent specification and labelled with
appropriate safety symbols, e.g. irritant.

*  For centres running multiple sessions — candidates for the later session should be supplied
with clean, dry glassware. If it is not feasible then glassware from the first session should be
thoroughly washed, rinsed with deionised water and allowed to drain.

* Ensure all chemicals are in date, otherwise expected observations may not be seen.

« ltis the responsibility of the centre to be cognisant of all health and safety issues and to
carry out a thorough risk assessment. Up-to-date information can be obtained at
www.cleaps.org.uk

12662.02 2



Practical Examination
Each candidate must be supplied with safety goggles or glasses.
Question No. 1

Each candidate must be supplied with:

 aspatula

* aBunsen burner

* a heatproof mat

« three boiling tubes

+ two test tubes

* atesttube rack

* a boiling tube rack

* a boiling tube holder

* one glass rod

«  six measuring cylinders with 10 cm?3 capacity

« abeaker of 250 cm? capacity (for a hot water bath)

« a conical flask of 250 cm? capacity

* a kettle to supply hot water

* two wooden splints

* matches

* several disposable pipettes

« awash bottle containing deionised water

* weighing boat

«  250cm3 measuring cylinder or 250 cm? beaker with calibrations
* white tile (also required for Question 2)

+ stopclock/stopwatch (also required for Question 2)

* access to an accurate balance (reading to 2 decimal places)
« approximately 20 g of sucrose labelled S

« approximately 50 cm?3 of a 1% sucrose solution labelled S (aq)

« approximately 10 cm? of 0.02 moldm~3 acidified potassium manganate(VIl) solution labelled
potassium manganate(VIl) solution (solution should be freshly made)

« approximately 10 cm?3 of 1.0 moldm=3 hydrochloric acid labelled dilute hydrochloric acid
and corrosive/irritant

«  approximately 20 cm?3 of 1.0 moldm=3 sodium carbonate solution labelled sodium
carbonate solution

« approximately 30 cm? of 1.0 moldm=3 sodium hydroxide solution labelled dilute sodium
hydroxide solution and corrosive/irritant

« approximately 20 cm? of Fehling’s solution (a mix of equal volumes of Fehling’s No.1 and
Fehling’s No.2) labelled Fehling’s solution and corrosive (solution should be freshly made)

« approximately 10 cm? of 2 4-dinitrophenylhydrazine solution labelled
2,4-dinitrophenylhydrazine solution.

12662.02 3 [Turn over



Question No. 2

Each candidate must be supplied with:

« one 50cm? burette of at least B quality

* afunnel (for filling the burette)

«  100cm?3 beaker (waste beaker for burette)
* awhite tile

* aretort stand and burette clamp

« ameasuring cylinder with 25 cm? capacity
«  two measuring cylinders with 10 cm3 capacity
- four conical flasks of 250 cm?3 capacity

« several disposable pipettes

« awash bottle containing deionised water
» a stopclock/stopwatch

«  approximately 100 cm3 of 0.04 mol dm=3 potassium iodide solution labelled potassium
iodide solution

« approximately 50 cm?3 of a 0.04 moldm=3 iron(lll) chloride solution labelled iron(lll) chloride
solution

«  approximately 50 cm?3 of 0.005 moldm~ sodium thiosulfate solution labelled sodium
thiosulfate solution

« adropper bottle containing 2% starch solution labelled starch solution

12662.02 4
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