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1 Many organic chemicals such as saturated hydrocarbons are obtained
from crude oil. Crude oil is separated into simpler mixtures of
hydrocarbons using fractional distillation.

(@) What is meant by the term saturated hydrocarbons?

(b) Explain how fractional distillation is used to separate crude oil.

[2]

(c) Once separated, hydrocarbons may be further processed.

One processing reaction is shown below.

CH,(CH,),CH, —> CH,CH(CH,)CH(CH,)CH,

(i) Name the process occurring in this reaction.

(ii) State the IUPAC name of the reactant and the product.

CH,(CH,),CH,

[2]

[1]

CH,CH(CH,)CH(CH,)CH,

12749 2
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(d) Many hydrocarbons, such as butane, are used as fuels.

(i) Write an equation for the combustion of butane in a plentiful
supply of air.

[2]

(ii) State the main problem associated with the following pollutants
formed during the combustion process.

oxides of sulfur

carbon particulates

unburnt hydrocarbons

[3]

(e) Nitrogen(ll) oxide may be found in vehicle emissions formed
from the reaction of nitrogen with oxygen in the high temperatures in
the engine.

(i) Write an equation for the formation of nitrogen(ll) oxide from
nitrogen and oxygen.

[1]

(ii) Explain how nitrogen(ll) oxide is removed from car exhaust
emissions.

[2]

12749 3 [Turn over
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The equations below show some organic reactions.

The letters W, X, Y and Z represent organic compounds.

Reaction Equation

1 trichloromethane + chlorine — W + hydrogen chloride

2 C,oHyy = 2C,Hg + X

3 |CH,CH,CH,OH +[0] —> CH,CH,CHO + H,0

4 hex-2-ene + hydrogen — Y

5 | CH,CH,CH,CH,0H —> Z + H,0

(a) Write the molecular formula for W in Reaction 1 and state its IUPAC

name.

molecular formula

IUPAC name

(b) Name the type of reaction which is occurring in Reaction 1.

(c) Write the molecular formula of X in Reaction 2 and state its IUPAC
name.

molecular formula

[2]

[1]

IUPAC name

(d) Name the type of reaction occurring in Reaction 2.

(e) State the IUPAC name of CH,CH,CHO in Reaction 3.

[2]

[1]

[1]
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(f) Name a suitable reagent to carry out Reaction 3 and state the type of

reaction occurring.

Reagent:

Type of reaction:

(g9) Suggest the name of the mechanism for Reaction 4.

(h) Identify Y in Reaction 4.

(i) Write a balanced symbol equation for Reaction 4.

(j) Name a suitable catalyst for Reaction 4.

(k) Name the type of reaction occurring in Reaction 5.

(I) Name a suitable catalyst for Reaction 5.

(m) Draw the structural formula of Z in Reaction 5 and state its
IUPAC name.

structural formula

IUPAC name

[3]

[2]

[1]

[1]

[1]

[1]

[1]

[2]
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3 Alkenes are a homologous series of hydrocarbons.

(a) What is meant by the term homologous series?

[3]

(b) What is the general formula for alkenes?

[1]

(c) Pent-1-ene has molecular formula C;H,,. It is unsaturated and does
not form E-Z isomers.

(i) Draw the structural formula and state the IUPAC name of another
compound with the molecular formula C;H,, which is also
unsaturated and does not form E-Z isomers.

structural formula

IUPAC name [2]

(ii) Draw the structural formula and label the E-Z isomers of a
compound which has the molecular formula C;H, .

[3]

12749 6
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(d) The compound below is also unsaturated.

It is a liquid at room temperature.

VA
H—\C/C\C/

| I\
AN
H H/\H H

(i) What is the IUPAC name for this molecule?

[1]

(ii) Write the molecular formula for this compound.

[1]

(iii) Describe how you would test this liquid compound for
unsaturation and state all the observations which would be made.

[3]
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(e) Alkenes may be polymerised.

(i) Write an equation for the polymerisation of ethene to form
polythene.

[2]

(ii) Polymer waste such as polythene products cause environmental
problems.

* Explain why polythene causes environmental problems.

* Describe waste management strategies used to overcome
the issues associated with unwanted polythene.

* Describe how chemists can limit the impact of polymer
disposal.

Quality of written communication will be assessed in this
question.

[6]

12749 8
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4 Alcohols may be classified as primary, secondary or tertiary.

(a) (i) State the difference between a primary and secondary alcohol.

There are four alcohols with the molecular formula C,Hy,OH.

(ii) Complete the table below for these alcohols.

Classification

Name Skeletal formula
butan-1-ol Primary
)OH\/
2-methylpropan-1-ol Primary

P

OH

(b) Propan-2-ol (boiling point 83 °C) may be prepared by heating a
mixture of 2-bromopropane (boiling point 59 °C) and sodium hydroxide

solution under reflux.

Anti-bumping granules are also added to the mixture.

(i) Write a symbol equation for the preparation of propan-2-ol from
2-bromopropane.

12749

10

[1]

[6]

[2]
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(if) Draw a labelled diagram of the assembled apparatus used for
heating under reflux.

[4]

(iii) What is meant by heating under reflux?

[1]

(iv) What is the purpose of the anti-bumping granules?

[1]

(v) How could propan-2-ol be separated from the reaction mixture
after heating under reflux?

[1]

(vi) State one impurity which may be present in the alcohol collected.

[1]

11
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(c¢) The molecular formula of an alcohol, R, is the same as its empirical

formula.

(i) Determine the empirical formula of alcohol R using the following
percentage composition by mass.

element percen;;grﬁ aCsosn;goosition
carbon 68.18

hydrogen 13.64
oxygen 18.18

empirical formula = [4]

(i) Explain how the empirical formula of alcohol R shows that the
molecular formula is the same as the empirical formula.

[1]

12749 12
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5 Aspirin may be prepared from salicylic acid and ethanoic anhydride.

The equation below shows the reaction along with the relative formula
masses (RFM) of the reactants and aspirin.

HOC,H,COOH + (CH,C0),0 — CH,COOCH,COOH + CH,COOH

salicylic acid ethanoic anhydride aspirin
RFM =138 RFM =102 RFM =180

(a) State the IUPAC name of the product with formula CH,COOH.

[1]

(b) The procedure below describes the main steps in the preparation of
an impure sample of aspirin.

Place 20.0g of salicylic acid in a dry pear-shaped flask and add
40.0cm? of ethanoic anhydride.

Add 5cm? of concentrated phosphoric acid slowly. Heat the mixture
under reflux for 20-30 minutes.

Add water and pour the mixture onto crushed ice.
Remove the impure aspirin by suction filtration.

(i) What is the role of the concentrated phosphoric acid?

[1]

(i) Why is the concentrated phosphoric acid added slowly?

[2]

(iii) Why is water added after heating under reflux?

[1]

(iv) Why is suction filtration used instead of gravity filtration?

[1]

12749 14
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(c) Describe how you would test the impure aspirin sample for the
presence of salicylic acid impurities. Include the colour change
observed.

[3]

(d) Describe how the impure aspirin may be recrystallised using the
solvent ethanol.

[4]

12749 15 [Turn over



(e) 20.0g of aspirin was obtained when 20.0g of salicylic acid was
reacted with excess ethanoic anhydride.

(i) Calculate the theoretical yield.

theoretical yield = g [2]

(ii) Calculate the percentage yield.

percentage yield = % [1]

12749 16



(f) The purity of the sample of aspirin can be checked by melting point
analysis or using spectroscopic techniques such as mass
spectrometry.

(i) Describe how melting point analysis can be used to check the
purity of a sample of aspirin.

[2]

(ii) How can mass spectrometry be used to indentify a sample of
aspirin?

[1]

12749 17 [Turn over
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(g) The table below shows the characteristic absorptions in infrared (IR)

spectroscopy.
Wavenumber Bond Compound
Jem™
550 — 850 C—X (X=Cl, Br, ) | Halogenoalkanes
750 — 1100 c—C Alkanes, alkyl groups
1000 — 1300 C—O Algohols, esters, carboxylic
acids
1600 -1700 |C= Alkenes
Carboxylic acid, esters,
1650 - 1800 |C= aldehydes, ketones, acid
anhydrides
2500 -3200 |O—H Carboxylic acids
2750 -2850 |C—H Aldehydes
2850 — 3000 | C—H Alkanes, alkyl groups, alkenes,
benzene compounds
3200-3600 |O—H Alcohols

IR Spectrum for Aspirin

Image removed due to copyright
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The structure of aspirin is shown below. Identify the bonds responsible

for the peaks in the IR spectrum for aspirin labelled A, B and C.
@) O—H
Nl
0—C—C—H
H

Peak A
Peak B
Peak C [3]

THIS IS THE END OF THE QUESTION PAPER

12749 19
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THE PERIODIC TABLE OF ELEMENTS
Group

vV V Vi

VIl

0

1 2 3 4 5 6 / 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 16 17 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
Potassium Calcium Scandium | Titanium | Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium| Arsenic Selenium Bromine Krypton
19
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 | | | Xe
Rubidium | Strontium Yttrium Zirconium Niobium |Molybdenum| Technetium | Ruthenium | Rhodium Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
37 38 39 40 41 42 43 45 46 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
223 226 227 261 262 266 264 277 268 271 272 285
.I.
Fr |Ra|Ac’| Rf [ Db|Sg |Bh |Hs | Mt|Ds |Rg |Cn
Francium Radium Actinium JRutherfordium| 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 Lanthanum series Ce| Pr Nd [ Pm|Sm|Eu |Gd | Tb | Dy|Ho| Er [Tm|Yb | Lu
T 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 67 68 69 70 71
3 a = relative atomic mass (approx) [232 231 238 237 242 243 247 245 251 254 253 256 254 257
X = atomi bol
p* | = atomic symbol Th|Pa| U (Np|Pu|/Am|Cm|Bk | Cf | Es |Fm Md|No | Lr
B Thorium |Protactinium| Uranium | Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium |Mendelevium| Nobelium |Lawrencium
90 91 92 93 94 95 96 97 98 99 100 101 102 103
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