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21 Geraniol and nerol are compounds found in some flower fragrances. They are isomers of each 
other. 
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Which type of isomerism is shown here? 

A chain 

B geometrical (cis-trans) 

C optical 

D positional 
 
 
22 A section showing two repeat units of an addition polymer is shown. 
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What is the identity of the monomer that produced this polymer? 

A 2-chloro-3-methylbutane 

B 2-chloro-3-methylbut-2-ene 

C 2-chloropent-2-ene 

D 2,4-dichloro-3,3,4,5-tetramethylhexane 
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27 The fragrance compounds of perfumes are often dissolved in solvent Y, which has a molecular 
formula C7H12O4. It is made by reacting propane-1,2-diol with ethanoic acid in the presence of an 
acid catalyst. 
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What is the structure of solvent Y? 
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28 Which mixture could be used to produce propyl methanoate? 
 

A CH3CH2CO2H and CH3OH 

B CH3CH2CH2CH2OH and HCO2H 

C CH3CH2CH2OH and HCO2H 

D CH3CH2CH2CO2H and CH3OH 
 
 
29 Which statement about poly(chloroethene) is correct? 

A The polymer can be cracked to produce chlorinated alkenes. 

B The polymer has harmless combustion products. 

C The polymer is readily biodegradable when buried. 

D The repeat unit of the polymer has an Mr of 97. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
38 The diagram shows the structure of cyclohexene. 
 

cyclohexene 
 

Which structures could be formed by addition reactions with cyclohexene as the only reactant? 
 

1 2 3

n n  
 
 
39 Several steps are involved in the synthesis of 2-hydroxypropanoic acid from ethanol. 
 

C2H5OH  →  →  →  CH3CH(OH)CO2H 
 

Which statements concerning this synthesis are correct? 

1 The chain length can be increased during a step involving reaction between HCN and an 
aldehyde. 

2 The carboxyl group can be made by hydrolysis of a nitrile by boiling with NaOH(aq) and then 
acidifying. 

3 The ethanol should be first oxidised by heating it under reflux with an excess of acidified 

potassium dichromate(VI). 
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40 The diagram shows the structure of an addition polymer, X. 
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Which reagents react with polymer X? 

1 aqueous sulfuric acid 

2 aqueous sodium hydroxide 

3 sodium 
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20 Chlorofluorocarbons damage the ozone layer by undergoing reactions with a free radical 
mechanism. The first stage of this is initiation. 

 
Which equation is most likely to be the initiation stage when chlorofluoromethane is involved in 
such a reaction? 
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21 Synthetic resins can be made by polymerisation of a variety of monomers including  

prop-2-en-1-ol, CH2=CHCH2OH. 
 

Which structure represents the repeat unit in poly(prop-2-en-1-ol)? 
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20 In 1865 Kekulé suggested a ring structure for benzene, C6H6, in which a hydrogen atom is 
attached to each carbon atom. 
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In this structure all of the bonds remain in the places shown. Assuming this is the structure of 
benzene, how many isomers of dichlorobenzene, C6H4Cl 2, would exist? 

A 3 B 4 C 5 D 6 
 
 
21 The diagram shows the structure of vitamin A. 
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How many chiral centres are present in one vitamin A molecule? 

A 0 B 1 C 2 D 3 
 
 
22 PVC is difficult to dispose of. Two possible methods are burying it in landfill sites and disposal by 

combustion. 
 

Which row of the table is correct? 
 

 rate of biodegradation 
of PVC in landfill sites 

gases produced when 
PVC combusts 

A fast CO2, H2O, HCl 

B fast CO2, H2O, Cl 2 

C slow CO2, H2O, Cl 2 

D slow CO2, H2O, HCl 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
31 Photochromic lenses in spectacles darken in sunlight because silver crystals are produced by the 

reaction shown. 
 

Ag+  +  Cl –  →  Ag  +  Cl 
 

Which statements are correct for this reaction? 

1 Both silver and chlorine atoms have an oxidation number of zero. 

2 The oxidation number of chlorine increases. 

3 Electrons are transferred from Cl – ions to Ag+ ions. 
 
 
32 A cathedral in New Zealand has been constructed from cardboard. Cardboard contains polymer 

molecules. Part of one such polymer molecule is shown below. 
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Which statements about this polymer are correct? 

1 The polymer molecules can form hydrogen bonds with each other. 

2 The polymer can form intermolecular forces with water molecules. 

3 The polymer will not burn easily because it is a secondary alcohol. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 X is an element that has 
 

● its outer electrons in the 4th principal quantum shell, 

● a higher 1st ionisation energy than calcium. 
 

What could be the identity of X? 

1 bromine 

2 krypton 

3 xenon 
 
 
34 Methanol, CH3OH, can be produced industrially by reacting CO with H2. 
 

 CO(g)  +  2H2(g)    CH3OH(g) ∆H = –91 kJ mol–1 
 

The process can be carried out at 4 × 103
 kPa and 1150 K. 

 
Which statements about this reaction are correct? 

1 Increasing the temperature will increase the rate of reaction because more effective 
collisions will occur. 

2 Lowering the temperature will reduce the rate of reaction because the forward reaction is 
exothermic. 

3 Increasing the pressure will reduce the rate of reaction because there are a larger number of 
moles on the left-hand side of the equation. 

 
 
35 Equal masses of barium carbonate and magnesium carbonate powders are mixed together. The 

mixture is then heated using a Bunsen burner flame until there is no further change. A gas is 
given off. 

 
Which statements are correct? 

1 The residue left after heating reacts with aqueous hydrochloric acid to produce carbon 
dioxide. 

2 The percentage decrease in mass after heating is 26% (to 2 significant figures). 

3 The gas given off during heating relights a glowing splint. 
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20 In 1865 Kekulé suggested a ring structure for benzene, C6H6, in which a hydrogen atom is 
attached to each carbon atom. 
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In this structure all of the bonds remain in the places shown. Assuming this is the structure of 
benzene, how many isomers of dichlorobenzene, C6H4Cl 2, would exist? 

A 3 B 4 C 5 D 6 
 
 
21 The diagram shows the structure of vitamin A. 
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How many chiral centres are present in one vitamin A molecule? 

A 0 B 1 C 2 D 3 
 
 
22 PVC is difficult to dispose of. Two possible methods are burying it in landfill sites and disposal by 

combustion. 
 

Which row of the table is correct? 
 

 rate of biodegradation 
of PVC in landfill sites 

gases produced when 
PVC combusts 

A fast CO2, H2O, HCl 

B fast CO2, H2O, Cl 2 

C slow CO2, H2O, Cl 2 

D slow CO2, H2O, HCl 
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21 Kerosene is used as an aircraft fuel. Q is one of the molecules in kerosene and has the skeletal 
formula shown. 

 

Q  
 

Other structural isomers of this molecule are also found in kerosene. 
 

Which structure is a structural isomer of Q? 
 

A B C D

 
 
 
22 Which radical is most likely to form by the homolytic fission of one covalent bond in 

bromochloromethane, CH2BrCl ? 
 

A •CH2Cl B •CH2Br C •CHBrCl D •CH2BrCl 
 
 
23 Propene undergoes a variety of reactions. 
 

Which row is correct? 
 

 reagent added to propene products include 

A Br2(aq) 1-bromopropane 

B cold, dilute, acidified KMnO4(aq) propanoic acid 

C HBr(g) 2-bromopropane 

D hot, concentrated, acidified KMnO4(aq) propanoic acid 

 
 
24 Polymerisation of ethene gives poly(ethene). 
 

How does the bonding between carbon atoms in poly(ethene) compare with that in ethene? 

A longer and stronger in poly(ethene) 

B longer and weaker in poly(ethene) 

C shorter and stronger in poly(ethene) 

D shorter and weaker in poly(ethene) 
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21 The drug cortisone has the formula shown. 
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In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 
present in the cortisone molecule? 

A 0 B 1 C 2 D 3 
 
 
22 An alkene is reacted with acidified manganate(VII) ions, MnO4

–. The desired organic product has 
a relative molecular mass greater than that of the alkene by 34. 

 
What conditions should be used? 

A cold, concentrated MnO4
– 

B cold, dilute MnO4
– 

C hot, concentrated MnO4
– 

D hot, dilute MnO4
– 

 
 
23 The diagram shows a short length of an addition polymer chain. 
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The polymer has a relative molecular mass of approximately 10 000. 
 

Approximately how many monomer units are joined together in each polymer molecule? 

A 180 B 360 C 625 D 710 
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34 The rate of chemical reactions can be increased by the addition of a suitable catalyst. 
 

For which reactions can a heterogeneous catalyst be used? 

1 N2  +  3H2    2NH3 

2 2SO2  +  O2    2SO3 

3 2NO  +  2CO    N2  +  2CO2 
 
 
35 Which chlorides, when added to water, can produce a solution with a pH of less than 5? 

1 SiCl 4 

2 Al Cl 3 

3 MgCl 2 
 
 
36 Acid rain continues to be a problem. 
 

Which statements about acid rain are correct? 

1 Acid rain is formed when oxides of nitrogen or oxides of sulfur react with water in the 
atmosphere. 

2 Acid rain causes an increase in the concentration of heavy metal ions in water courses. 

3 Nitrogen dioxide will catalyse the formation of SO3 from SO2 in the atmosphere. 
 
 
37 Which compounds contain a chiral centre? 

1 2-hydroxybutanoic acid 

2 3-hydroxybutanoic acid 

3 4-hydroxybutanoic acid 
 
 
38 The diagram shows the monomer used to make polyvinyl chloride, PVC. 
 

 
 

Assuming that one particular molecule of the polymer forms from n molecules of the monomer 
(where n is many thousands), which statements are correct? 

1 The relative molecular mass of this polymer molecule is approximately 62.5n. 

2 There are n chiral carbon atoms in this polymer molecule. 

3 There are 5n σ bonds in one polymer molecule. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
39 An organic compound, X, has the following skeletal formula. 
 

 
 

Which statements about X are correct? 

1 X is a primary alcohol. 

2 X will dehydrate to give a single alkene. 

3 X will undergo a substitution reaction with chloride ions. 
 
 
40 2,2,4-trimethylpentanal is used in the manufacture of adhesives. 
 

Which reagents would 2,2,4-trimethylpentanal react with? 

1 2,4-dinitrophenylhydrazine reagent 

2 Tollens' reagent 

3 alkaline aqueous iodine 
 
 

OH

X
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22 The formulae of three compounds are shown. 
 

C3H7CHO           C2H5COCH3           CH2CHCH2CH2OH 
 

Only one of these compounds will decolourise bromine water. Only one of these compounds will 
produce a silver mirror with Tollens’ reagent. 

 
Which row shows the correct results? 

 

 decolourises 
bromine water 

forms a silver mirror 
with Tollens’ reagent 

A C3H7CHO C2H5COCH3 

B C2H5COCH3 C3H7CHO 

C CH2CHCH2CH2OH C2H5COCH3 

D CH2CHCH2CH2OH C3H7CHO 
 
 
23 Carboxylic acids may be prepared by several different methods. 
 

In which reaction would propanoic acid be formed? 

A adding ammonium propanoate to dilute sulfuric acid 

B heating ethyl propanoate with aqueous sodium hydroxide 

C heating propan-2-ol with acidified potassium manganate(VII) under reflux 

D heating propyl ethanoate with dilute sulfuric acid 
 
 
24 The diagram represents the structure of a polymer. 
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By which method might this polymer be made? 

A polymerise ethene followed by hydration 

B polymerise ethene followed by oxidation with cold, acidified KMnO4 

C polymerise 1,2-dichloroethene followed by hydrolysis 

D polymerise 1,2-dichloroethene followed by oxidation with cold, acidified KMnO4 
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23 A section of an addition polymer chain is shown. 
 

CH CH

ClCl

CH2 CH2

 
 

Which monomer could be used to make this polymer? 

A CH2CHCH2Cl 

B CH2CHCl 

C CH3CHCHCl 

D CHCl CHCH2CH2Cl 
 
 
24 Which organic reaction is an example of nucleophilic substitution? 

A CH3CH2Br  +  NaOH  →  CH2CH2  +  H2O  +  NaBr 

B CH3CH2Br  +  NaOH  →  CH3CH2OH  +  NaBr 

C CH2CH2  +  HCl  →  C2H5Cl 

D C2H6  +  Cl 2  →  C2H5Cl  +  HCl 
 
 
25 Citric acid can be converted into tricarballylic acid in two stages. An intermediate, Q, is formed. 
 

CH2

CO2H

CO2H

C QHO

CH2 CO2H

citric acid

CH2

CO2H

CO2H

CH

CH2 CO2H

tricarballylic acid

stage 1 stage 2

 
 

Which reagents are needed for each stage? 
 

 stage 1 stage 2 

A concentrated H2SO4 H2(g) and Ni 

B concentrated H2SO4 LiAl H4 

C LiAl H4 H2SO4(aq) 

D NaOH(aq) H2(g) and Ni 
 
 

14. Question | 9701 Oct-Nov 2017 P1 V2 Q23
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22 Which compound would produce two different carboxylic acids when treated with hot, 
concentrated, acidified manganate(VII) ions? 

 
A B C D

 
 
 
23 Which types of bond are broken and formed in the addition polymerisation of alkenes? 
 

 type of 
bond broken 

type of 
bond formed 

A π only σ only 

B π only σ and π 

C σ and π σ only 

D σ and π σ and π 
 
 
24 2,3-dimethylpent-2-ene, (CH3)2C=C(CH3)CH2CH3, is treated with cold, dilute KMnO4. The product 

of this reaction is treated with an excess of concentrated H2SO4 at 180 °C, giving a mixture of 
isomeric hydrocarbons with molecular formula C7H12. 

 
What is the name of one of the isomeric hydrocarbons? 

A 2,3-dimethylpenta-1,2-diene  

B cis-2,3-dimethylpenta-1,3-diene 

C 2,3-dimethylpenta-1,4-diene 

D 3,4-dimethylpenta-1,3-diene  
 
 
25 Equal volumes of aqueous silver nitrate were added to separate small volumes of bromoethane 

and iodoethane in two test-tubes. The test-tubes were shaken. 
 

Which row about the observations made for bromoethane is correct? 
 

 colour of precipitate rate of reaction 

A cream faster than for iodoethane 

B cream slower than for iodoethane 

C yellow faster than for iodoethane 

D yellow slower than for iodoethane 
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23 A section of an addition polymer chain is shown. 
 

CH CH
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Which monomer could be used to make this polymer? 

A CH2CHCH2Cl 

B CH2CHCl 

C CH3CHCHCl 

D CHCl CHCH2CH2Cl 
 
 
24 Which organic reaction is an example of nucleophilic substitution? 

A CH3CH2Br  +  NaOH  →  CH2CH2  +  H2O  +  NaBr 

B CH3CH2Br  +  NaOH  →  CH3CH2OH  +  NaBr 

C CH2CH2  +  HCl  →  C2H5Cl 

D C2H6  +  Cl 2  →  C2H5Cl  +  HCl 
 
 
25 Citric acid can be converted into tricarballylic acid in two stages. An intermediate, Q, is formed. 
 

CH2

CO2H

CO2H

C QHO

CH2 CO2H

citric acid

CH2

CO2H

CO2H

CH

CH2 CO2H

tricarballylic acid

stage 1 stage 2

 
 

Which reagents are needed for each stage? 
 

 stage 1 stage 2 

A concentrated H2SO4 H2(g) and Ni 

B concentrated H2SO4 LiAl H4 

C LiAl H4 H2SO4(aq) 

D NaOH(aq) H2(g) and Ni 
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34 In which reactions does NH3 behave as a Brønsted-Lowry acid? 

1 2NH3  →  NH2
–  +  NH4

+ 

2 HSO4
–  +  NH3  →  SO4

2–  +  NH4
+ 

3 Ag+  +  2NH3  →  [Ag(NH3)2]+ 
 
 
35 Chlorine reacts with hot aqueous sodium hydroxide. 
 

Which oxidation states does chlorine show in the products of this reaction? 

1 –1 

2 +3 

3 +1 
 
 
36 In which different forms does nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 in an oxidation state of +5 
 
 
37 Poly(ethene) and PVC are examples of addition polymers. 
 

Which statements are correct? 

1 On combustion, PVC can produce carbon monoxide, carbon dioxide and hydrogen chloride. 

2 When poly(ethene) is buried in a landfill site, it will not significantly biodegrade. 

3 The empirical formula of an addition polymer is the same as that of the monomer. 
 
 
38 Organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 
 

What could X be? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo-2-methylpropane 
 
 

17. Question part 1/2 | 9701 May-June 2018 P1 V1 Q37
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34 Which statements are correct when a reversible reaction is at equilibrium? 

1 All species are at equal concentration. 

2 The concentrations of all species remain constant. 

3 The rate of the forward reaction equals the rate of the reverse reaction. 
 
 
35 Each of the three mixtures shown can result in a chemical reaction. 
 

Which mixtures result in a redox reaction? 

1 bromine + hydrogen 

2 sodium chloride + concentrated sulfuric acid 

3 potassium iodide + silver nitrate 
 
 
36 Which statements correctly describe an oxide of nitrogen acting as an atmospheric pollutant? 

1 Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide which contributes to 
acid rain. 

2 Nitrogen dioxide reacts with sulfur dioxide to form sulfur trioxide which reacts with water to 
form sulfuric acid. 

3 Nitrogen oxides react with unburnt hydrocarbons in sunlight to form other pollutants. 
 
 
37 Polymer Z contains the length of polymer chain shown below. 
 

This short length of chain is found many times within the chains of polymer Z, although it is not 
the repeat unit. 

 
– CH2 – CHCl – CH2 – 

 
What could be the name of polymer Z? 

1 poly(2-chloropropene) 

2 poly(chloroethene) 

3 PVC 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
38 Limonene is found in lemons. 
 

limonene 
 

Limonene is heated with concentrated acidified potassium manganate(VII). 
 

Which compounds are produced? 

1 CH3COCH2CH2CH(CH2CO2H)2 

2 CO2 

3 CH3COCH2CH2CH(COCH3)CH2CO2H 
 
 
39 Chlorofluoroalkanes have been used as the refrigerant in refrigerators but care has to be taken in 

disposing of old refrigerators. 
 

Which statements about chlorofluoroalkanes are correct? 

1 C–Cl bonds more readily undergo homolytic fission than C–F bonds. 

2 Care is taken in the disposal of old refrigerators because of possible ozone depletion. 

3 C2H4Cl F is more volatile than C2H6. 
 
 
40 The Mr of compound X is 72. The composition by mass of X is 66.7% carbon, 11.1% hydrogen 

and 22.2% oxygen. X gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent.  
X does not react with Fehling’s reagent. 

 
What can be deduced from this information? 

1 X is a carbonyl compound. 

2 X is a ketone. 

3 X is butanone. 

18. Question | 9701 May-June 2018 P1 V3 Q22 9 

© UCLES 2018 9701/13/M/J/18 [Turn over 

22 Which statement is not correct? 

A Combustion of PVC produces a highly acidic gas. 

B PVC molecules are saturated. 

C The empirical formula of PVC is the same as the empirical formula of its monomer. 

D The repeat unit of PVC is  (CHCl CHCl ) . 
 
 
23 The presence of a halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 
 

Which compound would be the quickest to produce a precipitate? 
 

Cl

Cl

Cl

A

Cl

F

F

B

Br

F

Cl

C

F

F

I

D

 
 
 
24 Halogenoalkanes react with NaOH(aq) either by an SN1 mechanism or by an SN2 mechanism. 

The mechanism followed by the reaction depends on the structure of the halogenoalkane. 
 

This question is about the reaction of 3-bromo-3-ethylpentane, (C2H5)3CBr. 
 

Which statement is correct? 

A The mechanism is SN1, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

B The mechanism is SN1, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

C The mechanism is SN2, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

D The mechanism is SN2, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

 
 
25 Which compound is a secondary alcohol that can be dehydrated to form an alkene with Mr = 70? 
 

OH

A

OH

B

OH

C

OH

D
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22 Polyethene is made by the polymerisation of ethene. 
 

Which statement is correct? 

A The monomer and the polymer have different empirical formulae. 

B The monomer can be oxidised without heat whereas the polymer cannot. 

C The monomer can be used as a fuel whereas the polymer cannot. 

D The monomer has greater van der Waals’ forces than the polymer. 
 
 
23 Compound P reacts separately with KOH(aq) and HBr. 
 

CH2CHCH2CH2Cl 

compound P 
 

What are the mechanisms of these two reactions? 
 

 KOH (aq) HBr 

A nucleophilic addition electrophilic addition 

B nucleophilic addition free radical substitution 

C nucleophilic substitution electrophilic addition 

D nucleophilic substitution free radical substitution 
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34 Vanadium and pepsin can both act as catalysts. Vanadium is a metal. Pepsin is an enzyme. 
 

Which statements are correct for both vanadium and pepsin? 

1 They will speed up any chemical reaction. 

2 They can lower the activation energy for a reaction. 

3 They are not used up when they act as catalysts. 
 
 
35 Which oxides, when placed in cold water for one day, will react with the water? 

1 MgO 

2 Al 2O3 

3 SiO2 
 
 
36 A mixture of magnesium carbonate and magnesium nitrate is heated strongly in a hard-glass  

test-tube. 
 

Which gases are formed? 

1 carbon dioxide 

2 nitrogen dioxide 

3 oxygen 
 
 
37 Which statements about poly(alkene)s are correct? 

1 Poly(alkene)s do not react with Br2(aq) in the dark. 

2 Disposal of poly(alkene)s by combustion can produce harmful products. 

3 Poly(alkene)s do not readily biodegrade. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
38 Compound Y 
 

● reacts with alkaline aqueous iodine to form a yellow precipitate 

● changes the colour of warm, acidified potassium dichromate(VI) solution. 
 

What could be compound Y? 
 

O

H

O

OH
1

2

3
 

 
 

39 Carboxylic acids can be made by several different reactions. 
 

Which statements are correct? 

1 The acid hydrolysis of CH3CH2CN will make ethanoic acid. 

2 The oxidation of CH3CH2CH2CH2OH will make butanoic acid. 

3 The oxidation of CH3CH2CHO will make propanoic acid. 
 
 
40 Carboxylic acids react with alcohols to produce esters. 
 

Carboxylic acid X forms one ester only with molecular formula C5H10O2. 
 

What could X be? 

1 ethanoic acid 

2 propanoic acid 

3 butanoic acid 
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22 In polymer Z every carbon atom in the polymer chain is bonded to one hydrogen atom and one 
methyl group. 

 
Which alkene could be polymerised to make polymer Z? 

A but-1-ene 

B but-2-ene 

C methylpropene 

D propene 
 
 
23 Which compound would produce a carboxylic acid and a ketone when treated with hot, 

concentrated acidified manganate(VII) ions? 
 

A B C D

 
 
 
24 Water is added to a sample of 2,3-dibromohexane. 
 

Some of the 2,3-dibromohexane undergoes complete hydrolysis and some of it undergoes partial 
hydrolysis. 

 
What is not present in the mixture of products? 

A CH3CH(OH)CHBrCH2CH2CH3 

B CH3CH(OH)CH(OH)CH2CH2CH3 

C CH3CH2CH(OH)CH(OH)CH2CH3 

D CH3CH2CH2CH(OH)CHBrCH3 
 
 
25 Which statement about the mechanism of an SN1 reaction of a halogenoalkane is correct? 

A A nucleophile is substituted by an electrophile. 

B One intermediate is formed from two reacting molecules. 

C The intermediate is stabilised by adjacent alkyl groups. 

D The intermediate is uncharged. 
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23 The infrared spectrum shown was obtained from a compound J. 
 

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 
 

Which statement about J is correct? 

A Both C=O and C≡N are present. 

B Neither C=O nor C≡N are present. 

C C=O is present but not C≡N. 

D C≡N is present but not C=O. 
 
 
24 A section of a polymer chain is shown. 
 

 
 

What is the correct monomer? 
 

A B C D

 
 
 
25 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

How many non-cyclic isomers have the molecular formula C5H10? 

A 3 B 4 C 5 D 6 
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22 But-1-ene and but-2-ene are treated separately with cold, dilute acidified manganate(VII) ions. 
 

Four students, W, X, Y and Z, make statements about these alkenes and the diols formed from 
them. 

 
W One diol contains two primary alcohol groups. 

X One diol contains a primary and a secondary alcohol group. 

Y One diol contains two secondary alcohol groups. 

Z Both alkenes exhibit cis-trans isomerism. 
 

Which two students are correct? 

A W and Y B W and Z C X and Y D X and Z 
 
 
23 2-bromo-2-methylpentane is a tertiary halogenoalkane. 
 

Which organic products are formed when 2-bromo-2-methylpentane reacts with a hot 
concentrated ethanolic solution of sodium hydroxide? 

A 2-methylpent-1-ene only 

B 2-methylpent-1-ene and 2-methylpent-2-ene 

C 2-methylpent-2-ene only 

D 2-methylpent-2-ene and 4-methylpent-2-ene 
 
 
24 Poly(propene) is an addition polymer. 
 

What are the C–C–C bond angles along its polymer chain? 

A They are all 109°. 

B Half of them are 109° and half are 120°. 

C Half of them are 90° and half are 180°. 

D They are all 120°. 
 
 
25 An alcohol has the molecular formula C5H12O. It has several isomers. 
 

Which isomer forms a yellow precipitate with alkaline aqueous iodine? 

A 2,2-dimethylpropan-1-ol 

B 2-methylbutan-2-ol 

C 3-methylbutan-2-ol 

D pentan-3-ol 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
40 A mixture of the three isomers of C2H2Cl 2 is polymerised. 
 

Which sequences will be seen within the polymer chains? 
 

C

H

1

Cl Cl

C

H

C

2

Cl

Cl Cl

C

H

H H

H

C

3

Cl

C
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25 Which substance forms propanoic acid as one of the products when it reacts with hot 
concentrated acidified potassium manganate(VII)? 

A but-1-ene 

B but-2-ene 

C 2-methylpropene 

D 2-methylbut-1-ene 
 
 
26 The structure of damascenone is shown. 
 

O

damascenone

 
 

Including damascenone, how many stereoisomers exist with this structural formula? 

A 1 B 2 C 4 D 8 
 
 
27 How many isomeric esters have the molecular formula C4H8O2? 

A 2 B 3 C 4 D 5 
 
 
28 Ethene reacts with aqueous bromine to give two products, CH2BrCH2Br and CH2BrCH2OH. 
 

Which statement about these products is correct? 

A Both products are obtained in this reaction by nucleophilic substitution. 

B Both products are obtained in this reaction by nucleophilic addition. 

C Both products can be hydrolysed to form the same organic compound. 

D Both products can form hydrogen bonds with water. 
 
 
29 PVC is used as a packaging material. 
 

What holds the different polymer strands together in a piece of solid PVC? 

A covalent bonds 

B hydrogen bonds 

C ionic bonds 

D van der Waals’ forces 
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20 Structural and stereoisomerism should be considered when answering this question. 
 

Compounds X, Y and Z are shown. 
 

HO

Cl OH

Cl

Y Z

H

HO

Cl

X

H
 

 
How many other isomers of C3H7Cl O are there that are alcohols? 

A 2 B 3 C 4 D 5 
 
 
21 Two students each make a statement about 2-methylbut-1-ene. 
 

Student 1 states that 2-methylbut-1-ene has geometrical isomers. 
 

Student 2 states that 2-methylbut-1-ene reacts with HBr in an addition reaction to give  
1-bromo-2-methylbutane as the main product. 

 
Which students are correct? 

A both 1 and 2 

B 1 only 

C 2 only 

D neither 1 nor 2 
 
 
22 Which statement is correct when referring to the complete combustion of PVC? 

A A gas is made which contributes to global warming. 

B Carbon dioxide and water are the only products. 

C If water is used to clean the exhaust gases, the water becomes alkaline. 

D There is no need to treat the exhaust gases as the products are non-hazardous. 
 
 
23 Iodoethane, CH3CH2I, reacts with aqueous silver nitrate at 50 C. A precipitate forms during this 

reaction. 
 

Which row of the table is correct about this reaction? 
 

 type of organic reaction colour of precipitate 

A electrophilic substitution cream 

B electrophilic substitution yellow 

C nucleophilic substitution cream 

D nucleophilic substitution yellow 
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39 Three reactions of primary alcohols are listed. 
 

Which reactions give water as one of the products? 

1 reaction with ethanoic acid 

2 reaction with concentrated HBr 

3 passing the alcohol vapour over heated Al 2O3 
 
 
40 The diagram shows part of the structure of polymer X. 
 

C

CO2CH3

H

C

CO2CH3

H

C

H

C

H

CH3CH3

C

CO2CH3

H

C

H

CH3

 
 

Which reagents react with polymer X? 

1 aqueous sulfuric acid 

2 aqueous sodium hydroxide 

3 sodium 
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18 Which substance, when warmed with aqueous ammonium chloride, would produce an alkaline 
gas? 

A CH3CO2H B CH3CH2OH C CH3CO2CH3 D CH3CH2ONa 
 
 
19 Compound X is the oxide of a Period 3 element. Compound X reacts with water to give an acidic 

solution. 
 

A solution is prepared by reacting 0.100 g of compound X with an excess of water. This solution is 
neutralised by exactly 25.0 cm3 of 0.100 mol dm–3 sodium hydroxide solution. 

 
What could be the identity of compound X? 

A Al 2O3 B MgO C P4O10 D SO3 
 
 
20 The unsaturated hydrocarbon octa-1,3,5,7-tetraene, C8H10, can display geometric isomerism. 
 

octa-1,3,5,7-tetraene 

CH2=CHCH=CHCH=CHCH=CH2 
 

How many isomers exist? 

A 2 B 3 C 4 D 8 
 
 
21 What is the correct name for the compound shown? 
 

HO

 
 

A 1,2,2-trimethylbutan-3-ol 

B 2-ethyl-2-methylbutan-2-ol 

C 3,3-dimethylpentan-2-ol 

D 4-hydroxy-3,3-dimethylpentane 
 
 
22 A polymer has the following repeat unit. It is made from two different monomers. 
 

CH2 CH2 CH2CH CHCHCl
 

 
Which pair of monomers could be used to make this polymer? 

A CH2=CHCl  and CH2=CH2 

B CH2=CHCl  and CH2=CH–CH=CH2 

C CH3–CH2Cl  and CH3–CH=CH–CH3 

D CH3–CH=CH–CH3 and CH2=CHCl 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 The symbol for a phosphorus ion is −333

15P . 
 

The symbol for a potassium ion is +K37
19 . 

 
What do these two ions have in common? 

1 the same number of electrons 

2 the same number of neutrons 

3 the same number of protons 
 
 
32 The repeat unit of a polymer is shown. 
 

CN

C

CO2C2H5 nH

H

C

 
 

Which types of intermolecular forces exist in the solid polymer? 

1 temporary dipole – induced dipole interactions 

2 permanent dipole – permanent dipole interactions 

3 hydrogen bonds 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 The diagram illustrates the enthalpy changes of a set of reactions. 
 

R
∆H = –134 kJ mol–1

∆H = –75 kJ mol–1

∆H = +92 kJ mol–1

S

T U  
 

Which statements are correct? 

1 The enthalpy change for the transformation U → R is + 42 kJ mol–1. 

2 The enthalpy change for the transformation T → S is endothermic. 

3 The enthalpy change for the transformation R → T is – 33 kJ mol–1. 
 
 
34 Which statements about a reaction that has reached dynamic equilibrium are correct? 

1 The rate of the forward reaction equals the rate of the reverse reaction. 

2 There is no overall change in the concentrations of reactants and products. 

3 There is no change in the measurable properties of the system. 
 
 
35 Group 2 elements and their compounds show trends in their physical and chemical properties. 

Barium is above radium in Group 2 of the Periodic Table. 
 

Which statements are likely to be correct? 

1 Barium hydroxide is less soluble than radium hydroxide. 

2 Barium reacts less vigorously with water than radium does. 

3 Barium sulfate is more soluble than radium sulfate. 
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20 Structural and stereoisomerism should be considered when answering this question. 
 

Compounds X, Y and Z are shown. 
 

HO

Cl OH

Cl

Y Z

H

HO

Cl

X

H
 

 
How many other isomers of C3H7Cl O are there that are alcohols? 

A 2 B 3 C 4 D 5 
 
 
21 Two students each make a statement about 2-methylbut-1-ene. 
 

Student 1 states that 2-methylbut-1-ene has geometrical isomers. 
 

Student 2 states that 2-methylbut-1-ene reacts with HBr in an addition reaction to give  
1-bromo-2-methylbutane as the main product. 

 
Which students are correct? 

A both 1 and 2 

B 1 only 

C 2 only 

D neither 1 nor 2 
 
 
22 Which statement is correct when referring to the complete combustion of PVC? 

A A gas is made which contributes to global warming. 

B Carbon dioxide and water are the only products. 

C If water is used to clean the exhaust gases, the water becomes alkaline. 

D There is no need to treat the exhaust gases as the products are non-hazardous. 
 
 
23 Iodoethane, CH3CH2I, reacts with aqueous silver nitrate at 50 C. A precipitate forms during this 

reaction. 
 

Which row of the table is correct about this reaction? 
 

 type of organic reaction colour of precipitate 

A electrophilic substitution cream 

B electrophilic substitution yellow 

C nucleophilic substitution cream 

D nucleophilic substitution yellow 
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39 Three reactions of primary alcohols are listed. 
 

Which reactions give water as one of the products? 

1 reaction with ethanoic acid 

2 reaction with concentrated HBr 

3 passing the alcohol vapour over heated Al 2O3 
 
 
40 The diagram shows part of the structure of polymer X. 
 

C

CO2CH3

H

C

CO2CH3

H

C

H

C

H

CH3CH3

C

CO2CH3

H

C

H

CH3

 
 

Which reagents react with polymer X? 

1 aqueous sulfuric acid 

2 aqueous sodium hydroxide 

3 sodium 
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35 Which oxides will cause a change in pH when added to water? 

1 CaO 

2 Al 2O3 

3 SiO2 
 
 
36 Which reaction routes can be used to make a pure sample of barium sulfate? 
 

filter, wash
and dry

1 Ba heat
in O2

product productdilute
HCl

dilute
H2SO4

product filter, wash
and dry

filter, wash
and dry

2 Ba(NO3)2
strong

heat in air
solid

product productan excess
of water

dilute
H2SO4

product

3 Ba(OH)2
dilute
HNO3

product productdilute
H2SO4  

 
 
37 Cortisone is a synthetic hormone. 
 

O

HO

cortisone

H H

H

O OH

OH

 
 

Which classes of alcohol does this molecule contain? 

1 primary alcohol 

2 secondary alcohol 

3 tertiary alcohol 
 
 
38 Which changes are commonly involved in the formation of an addition polymer? 

1 the formation of a -bond 

2 the breaking of a -bond 

3 the change in hybridisation of the orbitals of a carbon atom from sp2 to sp3 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
39 Which alcohols can be oxidised to form an organic compound which will give coloured 

precipitates with both 2,4-dinitrophenylhydrazine reagent and alkaline aqueous iodine? 
 

OOH

OH

2

OH
1

3

 
 
 
40 Which mixtures form a carboxylic acid as one of the products? 
 

O

O + �H2SO4(aq)1

O–

O

O

+ �H2SO4(aq)2

+ �H2SO4(aq)3  
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
36 Which statements about ammonium chloride are correct? 

1 It reacts with hot aqueous sodium hydroxide to produce an alkaline gas. 

2 In solution, it reacts with aqueous silver nitrate to produce a white precipitate. 

3 When solid, it reacts with concentrated sulfuric acid to produce chlorine. 
 
 
37 What is the same for a pair of optical isomers? 

1 their empirical formula 

2 their functional groups 

3 their structural formula 
 
 
38 Which of the molecular formulae represent at least one compound that can undergo addition 

polymerisation? 

1 C4H8 

2 C2H3Cl 

3 C3H6O 
 
 
39 Which of the reactions give products containing a chiral centre? 

1 CH2(OH)COCO2H  +  an excess of HCN 

2 CH2(OH)COCO2H  +  an excess of NaBH4 

3 CH2(OH)COCO2H  +  an excess of LiAl H4 
 
 
40 Ethyl butanoate is heated with a dilute aqueous solution of sodium hydroxide. 
 

Which substances are products of this reaction? 

1 sodium butanoate 

2 water 

3 sodium ethanoate 
 



9701 Chemistry Paper 1 - Polymerisation
Topical questions | 61 questions

34. Question | 9701 Feb-March 2022 P1 V2 Q37

14 

© UCLES 2022 9701/12/F/M/22  

34 A student suggests two uses of LiAl H4. 
 

CH3 CH CH2

CH3CO2H CH3CH2OH

CH3 CH2 CH3reaction 1
LiAl H4

reaction 2
LiAl H4

 
 

Which reactions would give the product shown? 

A both reactions 

B reaction 1 only 

C reaction 2 only 

D neither reaction 
 
 
35 Compound X contains a single ester group. 
 

X contains 27.6% by mass of oxygen. 
 

Which pair of products could be produced by the hydrolysis of X? 

A butan-1-ol and ethanoic acid 

B ethanol and propanoic acid 

C methanol and methanoic acid 

D propan-2-ol and butanoic acid 
 
 
36 What is the least number of carbon atoms in a non-cyclic alkane molecule that has a chiral 

centre? 

A 7 B 8 C 9 D 10 
 
 
37 A molecule of a polymer contains the sequence shown. 
 

C 

H

H

C

Cl Cl Cl Cl

Cl ClH

C

H

C

H

H

C

H

H

C

H

C

H

C

H

H

C

H

H

C

H

C

H

H

C

H

 
 

Which monomer could produce this polymer by addition polymerisation? 

A CHCl =CHCl 

B CH2=CHCl 

C CH3CCl =CHCl 

D CH3CCl =CH2 
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37 Which compound produces butan-2-ol and ethanoic acid on hydrolysis? 

A CH3CO2CH(CH3)2 

B CH3CO2CH(CH3)CH2CH3 

C CH3CH(CH3)CO2CH2CH3 

D CH3CH2CO2CH(CH3)CH2CH3 
 
 
38 Two 1 g samples of Y are reacted separately and completely with sodium and with 

sodium carbonate. The volumes of the gases produced are collected and measured. 
 

 relative volumes of gases 

 with Na with Na2CO3 

Y 2 1 
 

What could Y be? 

A CH3CH(OH)CH2OH 

B CH3CH(OH)CO2H 

C CH3COCH2OH 

D CH3COCO2H 
 
 
39 The diagram shows a section of an addition polymer formed from two different monomers. 
 

 
 

One of the monomers is propene. 
 

What is the other monomer? 
 

A B C D
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38 Ethyl butanoate is a flavouring, with a fruity flavour. 
 

Which row is correct? 
 

 alcohol and acid that react 
to form ethyl butanoate 

the mass of water formed 
when 2.32 g of ester is formed 

A 
O

OH
OH

and
 

0.36 g 

B 
O

OH
OH

and
 

0.40 g 

C 
O

OH
OHand

 
0.36 g 

D 
O

OH
OHand

 
0.40 g 

 
 
39 Cyclohexene, as shown in the diagram, can form an addition polymer. 
 

cyclohexene

 
 

Which structure represents a section of the polymer? 
 

A B

C D
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38 Which compound can be used to make propanoic acid by treatment with a single reagent? 

A CH2=CHCH2CH3 

B CH3CH2CH2CN 

C CH3CH(OH)CN 

D CH3CH(OH)CH3 
 
 
39 A sample of sulfur consists mostly of 32S. It also contains 4.2% 34S and 2.8% 36S. No other 

isotopes of sulfur are present. 
 

What is the relative atomic mass, Ar, of this sample of sulfur? 

A 32.1 B 32.2 C 34.0 D 34.3 
 
 
40 One molecule of an addition polymer containing 2000 repeat units has an Mr of 112 000. 
 

The polymer molecule contains chiral centres. 
 

What is a possible monomer for this polymer? 

A CH2=CHCH3 

B CH2=C(CH3)2 

C CH2=CHCH2CH3 

D CH2=CHCH2CH2CH3 
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Important values, constants and standards 
 

molar gas constant R = 8.31 J K–1
 mol–1 

Faraday constant F = 9.65  104
 C mol–1 

Avogadro constant L = 6.02  1023
 mol–1 

electronic charge e = –1.60  10–19
 C 

molar volume of gas 
 

Vm = 22.4 dm3
 mol–1 at s.t.p. (101 kPa and 273 K) 

Vm = 24.0 dm3
 mol–1 at room conditions 

ionic product of water Kw = 1.00  10–14
 mol2 dm–6 (at 298 K (25 C)) 

specific heat capacity of water c = 4.18 kJ kg–1
 K–1 (4.18 J g–1

 K–1) 
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39 The monomer buta-1,3-diene can undergo addition polymerisation in various ways. Two of the 
polymers that can be made are called cis-poly(buta-1,3-diene) and trans-poly(buta-1,3-diene). In 
these names cis and trans have their usual meanings. 

 
What is the structure of the repeat unit of cis-poly(buta-1,3-diene)? 

 

n

D

n

C

n

B

n

A

 
 
 
40 In the mass spectrum of a compound, Z, the relative abundances of the M and M+1 peaks are in 

the ratio 13 : 1. 
 

What is compound Z? 

A butyl butanoate 

B hexan-3-one 

C 2,2,3-trimethylhexane 

D 3,3-dimethylpentan-1-ol 
 
 

39. Question | 9701 Oct-Nov 2022 P1 V2 Q39 16 
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39 Compound V polymerises to form polymer W. A section of polymer W is shown. 
 

V
polymerisation

polymer W

Cl ClCl

Cl

ClCl Cl

Cl Cl
 

 
What is the correct name of compound V? 

A 1,1,2-trichlorobutene 

B 1,1,2-trichloroethene 

C 1,1,2-trichloropropene 

D 1,1,2-trichloro-2-methylethene 
 
 
40 A molecule of an organic compound, P, contains three carbon atoms and shows a strong 

absorption at 1720 cm–1 in its infrared spectrum. 
 

P is reacted with an excess of hot acidified potassium dichromate(VI) forming organic product Q. 
 

Q shows a strong absorption at 1700 cm–1 and a strong, broad absorption centred at 2800 cm–1 in 
its infrared spectrum. 

 
bond 

 
functional group containing the bond

 
characteristic infrared absorption range 

(in wavenumbers) / cm–1 

C–O hydroxy, ester 1040–1300 

C=C aromatic compound, alkene 1500–1680 

C=O 
 
 

amide 
carbonyl, carboxyl 
ester 

1640–1690 
1670–1740 
1710–1750 

C≡N nitrile 2200–2250 

C–H alkane 2850–2950 

N–H amine, amide 3300–3500 

O–H 
 

carboxyl 
hydroxy 

2500–3000 
3200–3600 

 
What is P? 

A propanal 

B propanone 

C propan-1-ol 

D propan-2-ol 
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32 An alcohol, X, reacts with a dicarboxylic acid, Y, to form a double ester, Z. 
 

The diagram shows the structure of the ester. 
 

O

Z

O

O

O
 

 
Which row about the reactants forming ester Z is correct? 

 

 the class of 
alcohol X 

the shape of 
the ring in Y 

A secondary non-planar 

B secondary planar 

C tertiary non-planar 

D tertiary planar 
 
 
33 W reacts with alkaline I2(aq) to form a yellow precipitate and CH3CH2CO2

– ions. 
 

Which row identifies W and the yellow precipitate? 
 

 identity of W identity of 
yellow precipitate 

A butanone CHI3 

B butanone CH3I 

C propanone CHI3 

D propanone CH3I 
 
 
34 Ethanal reacts with hydrogen cyanide in the presence of KCN to produce a hydroxynitrile. 
 

What is the first step in the mechanism of this reaction? 
 

C

A

CN–

CN–

H+O

HH3C
�+

�–

C

B

CN–

O

HH3C
�+

�–

C

C

O

HH3C
�+

�–

C

D

O

HH3C
�+

�–
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39 The monomer buta-1,3-diene can undergo addition polymerisation in various ways. Two of the 
polymers that can be made are called cis-poly(buta-1,3-diene) and trans-poly(buta-1,3-diene). In 
these names cis and trans have their usual meanings. 

 
What is the structure of the repeat unit of cis-poly(buta-1,3-diene)? 

 

n

D

n

C

n

B

n

A

 
 
 
40 In the mass spectrum of a compound, Z, the relative abundances of the M and M+1 peaks are in 

the ratio 13 : 1. 
 

What is compound Z? 

A butyl butanoate 

B hexan-3-one 

C 2,2,3-trimethylhexane 

D 3,3-dimethylpentan-1-ol 
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26	 The drug cortisone has the formula shown.

O
OH

OH

O

O

	 In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 
present in the cortisone molecule?

	 A	 0		  B	 1	 C	 2	 D	 3

27	 An alkene is reacted with acidified manganate(VII) ions, MnO4
− . The organic product has a relative 

molecular mass greater than that of the alkene by 34.

	 What conditions should be used?

	 A	 cold, concentrated MnO4
−

	 B	 cold, dilute MnO4
−

	 C	 hot, concentrated MnO4
−

	 D	 hot, dilute MnO4
−

28	 The diagram shows a short length of an addition polymer chain.

C

H

H

C

H

H

C

H

H

C

H

H

	 The polymer has a relative molecular mass of approximately 10 000.

	 Approximately how many monomer units are joined together in each polymer molecule?

	 A	 180		  B	 360	 C	 625	 D	 710

43. Question | 9701 Specimen 2022 P1 Q29 10

9701/01/SP/22© UCLES 2019

29	 Lactide is an intermediate in the manufacture of a synthetic fibre.

O

O

lactide

O

O

	 Which compound, on heating with an acid catalyst, can produce lactide?

	 A	 hydroxyethanoic acid

	 B	 2-hydroxybutanoic acid 

	 C	 2-hydroxypropanoic acid 

	 D	 3-hydroxypropanoic acid

30	 Diols in which both hydroxy groups are bonded to the same carbon atom spontaneously eliminate 
a molecule of water to produce a carbonyl compound.

	 Which compound is hydrolysed to form a product that gives a positive reaction with 
2,4-dinitrophenylhydrazine but not with Fehling’s reagent?

	 A	 1,1-dibromopropane 

	 B	 1,2-dibromopropane 

	 C	 1,3-dibromopropane 

	 D	 2,2-dibromopropane

31	 X and Y are the reagents required to convert 1-bromopropane into butanoic acid in the following 
reaction.

CH

H

H

C

H

H

H OH

OH

C CCH

H

H

C

H

H

H

H

C Br CH

H

H

C

H

H

H

H

C CNX Y

	 What are the correct identities of X and Y?

X Y

A 

B 

C 

D

HCN 

KCN in C2H5OH 

KCN in C2H5OH 

HCN

HCl (aq) 

NaOH(aq) 

HCl (aq) 

NaOH(aq)
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Which ester may be hydrolysed to produce two products, one of which may be reduced to the
other?

37

CH3CH2CO2CH3A

CH3CH(CH3)CO2CH2CH(CH3)2B

CH3CH2CO2CH(CH3)2C

(CH3)2CHCO2CH(CH3)2D

Two compounds, X and Y, are mixed and a little concentrated H2SO4 is added.

Ester Z is found in the resulting mixture of products.

38

ester Z

O

O

O
O

O

O

Which two compounds could be X and Y?

YX

CH(CO2H)3CH3CH2OHA

CH3CO2CH2CH(OH)CH2OCOCH2CH3CH3CH2OHB

CH3CH2CO2CH2CH(OH)CH2OHCH3CO2HC

CH2(OH)CH(OH)CH2(OH)CH3CO2HD

The diagram shows a section of a polymer molecule.

–CH2–CH=CH–CH2–CH2–CH=CH–CH2–

Which monomer will produce this polymer?

39

CH2=CH2A

CH3CH=CH2B

CH3CH=CHCH3C

CH2=CH–CH=CH2D

14

45. Question | 9701 May-June 2023 P1 V3 Q39

In polymer G every carbon atom in the polymer chain is bonded to one hydrogen atom and one
methyl group.

Which alkene could be polymerised to make polymer G?

39

but-1-eneA

but-2-eneB

methylpropeneC

propeneD

The mass spectrum of compound X has M, M+1 and M+2 peaks. Other peaks are also present.

Peak M is the molecular ion peak, M+. Peak M has a relative abundance fifteen times that of peak
M+1.

Peaks M and M+2 are of equal height.

What could be compound X?

40

1-chloro-2,2-dimethylpentaneA

2-chloro-3-methylpentaneB

2-bromo-2-methylhexaneC

3-bromo-2,2-dimethylbutaneD

14

46. Question | 9701 Oct-Nov 2023 P1 V2 Q6

Which feature is present in both ethene and poly(ethene)?6

bond angles of 109.5°A

covalent bondsB

covalent bondsC

sp3 orbitalsD

Two compounds of boron are sodium borohydride, NaBH4, and boron trifluoride, BF3.

What are the shapes of the borohydride ion and the boron trifluoride molecule?

7

boron trifluorideborohydride ion

pyramidalsquare planarA

trigonal planarsquare planarB

pyramidaltetrahedralC

trigonal planartetrahedralD

In an experiment, 0.100mol of propan-1-ol is burnt completely in 12.0dm3 of oxygen, measured at
room conditions.

What is the final volume of gas, measured at room conditions?

8

18.00dm3D16.80dm3C8.40dm3B7.20dm3A

At a temperature of 2500K and a pressure of 1.00 × 10–4Pa, a sample of 0.321g of sulfur vapour
has a volume of 2.08 × 106m3.

What is the molecular formula of sulfur under these conditions?

9

S8DS4CS2BSA

[Turn over11_9701_12_2023_1.11R© UCLES 2023
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38 Hydroxyethanal, HOCH2CHO, is heated under reflux with an excess of acidified K2Cr2O7 until no 
further oxidation takes place. 

 
What is the skeletal formula of the organic product? 

 

HO OH
O

O

A

HO
OH

O

O

B

OH

OH

O
OH

O

O

C D

 
 
 
39 The formula shows the repeat unit of an addition polymer. 
 

–CH(CH3)CH(CH2CH3)– 
 

What is the correct name of the monomer from which this polymer is made? 

A 1-methyl-2-ethylethene 

B 1-ethylprop-1-ene 

C pent-2-ene 

D pent-1-ene 
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39 A section showing two repeat units of an addition polymer is shown. 
 

C

CH3 CH3

CH3Cl

C C

CH3 CH3

CH3Cl

C

 
 

What is the identity of the monomer that produced this polymer? 

A 2-chloro-3-methylbutane 

B 2-chloro-3-methylbut-2-ene 

C 2-chloropent-2-ene 

D 2,4-dichloro-3,3,4,5-tetramethylhexane 
 
 
40 The relative atomic mass of antimony is 121.76. 
 

Antimony has two isotopes. The mass numbers of the two isotopes differ by two. The isotope 
with the lower mass number is the more abundant. 

 
What is the percentage abundance of the isotope with the higher mass number? 

A 12% B 38% C 62% D 88% 
 
 



9701 Chemistry Paper 1 - Polymerisation
Topical questions | 61 questions

49. Question | 9701 May-June 2024 P1 V2 Q39 13  
 

© UCLES 2024 9701/12/M/J/24 [Turn over 

39 An addition polymer is made from monomer Z. 
 

CH2 CH C

O

monomer Z

OCH2CH3 
 

What is the structure of the polymer made from this monomer? 
 

A

B

C

D

CH CH C

O

CH CH C O

O

CH2 CH C

OCH2CH3

O

CH2 CH

C

O

OCH2CH3

n

n

n

n
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37 Which statement about PVC is correct? 

A Combustion products of PVC are very alkaline and harmful to breathe in. 

B The empirical formula of PVC is the same as the empirical formula of the monomer. 

C Molecules of PVC are unsaturated. 

D The repeat unit of PVC is (CH2CCl 2). 
 
 
38 Compound Q reacts separately with HCN and NaBH4 under suitable conditions. 
 

Both reactions produce an organic product with a chiral centre. 
 

What is compound Q? 

A butanone 

B ethanal 

C propanal 

D propanone 
 
 
39 Compound X has the following properties. 
 

● When 0.20 mol of X undergoes complete combustion, 14.4 dm3 of carbon dioxide is 
produced, measured under room conditions. 

● X reacts with 2,4-dinitrophenylhydrazine reagent to give an orange crystalline 
product. 

● X does not give a yellow precipitate with alkaline I2(aq). 
 

What could be X? 

A hexan-3-one 

B propanal 

C propan-1-ol 

D propanone 
 
 

51. Question | 9701 Oct-Nov 2024 P1 V1 Q39

15  
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38 (CH3)3CCN reacts to form alcohol Y via the reaction sequence shown. 
 

(CH3)3CCN X alcohol Y
reaction 1

H+(aq)

reaction 2

LiAl H4

 
 

Which row names the molecule X and the class of alcohol Y? 
 

 name of molecule X class of alcohol Y 

A 2,2-dimethylbutanoic acid primary 

B 3,3-dimethylbutanoic acid tertiary 

C dimethylpropanoic acid primary 

D dimethylpropanoic acid tertiary 
 
 
39 The diagram shows a section of an addition polymer. The polymer is made using two different 

monomers. 
 

H

C
C C

CH3

CH3

Cl

Cl CH3 Cl CH3Cl CH3ClCH3 Cl

H

C
C

H

C
C

CH3Cl H

C
C

 
 

What are the names of the two monomers needed to make this polymer? 

A 1,2-dichloropropene and 2-chlorobut-2-ene 

B 2,3-dichlorobut-2-ene and chloropropene 

C 1,2-dichloropropene and chloroethene 

D chloropropene and 2-chlorobut-2-ene 
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37 A sample of propanoic acid of mass 3.70 g reacts with an excess of magnesium. 
 

A second sample of propanoic acid of mass 3.70 g reacts with an excess of sodium. 
 

Both reactions go to completion forming a gas. 
 

Which row is correct? 
 

 
volume of gas formed 

with magnesium 
at s.t.p. / cm3 

volume of gas formed 
with sodium 
at s.t.p. / cm3 

A 560 560 

B 560 1120 

C 1120 560 

D 1120 1120 
 
 
38 Which statement about H2C=C(CH3)CH2CO2CH3 is correct? 

A It can be hydrolysed to a secondary alcohol. 

B It can be made using ethanoic acid and a suitable alcohol. 

C It gives a positive test with alkaline I2(aq). 

D When treated with hot concentrated acidified KMnO4 it gives CH3COCH2COOH as one 
product. 

 
 
39 Synthetic resins can be made by polymerisation of a variety of monomers including  

prop-2-en-1-ol, CH2=CHCH2OH. 
 

Which structure represents the repeat unit in the polymer poly(prop-2-en-1-ol)? 
 

CH2 CH2 CH2

CH2OH

OA

CH2 CHB

CH2OH

CH CC

OH

CH2 CH2 CHD
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38 (CH3)3CCN reacts to form alcohol Y via the reaction sequence shown. 
 

(CH3)3CCN X alcohol Y
reaction 1

H+(aq)

reaction 2

LiAl H4

 
 

Which row names the molecule X and the class of alcohol Y? 
 

 name of molecule X class of alcohol Y 

A 2,2-dimethylbutanoic acid primary 

B 3,3-dimethylbutanoic acid tertiary 

C dimethylpropanoic acid primary 

D dimethylpropanoic acid tertiary 
 
 
39 The diagram shows a section of an addition polymer. The polymer is made using two different 

monomers. 
 

H

C
C C

CH3

CH3

Cl

Cl CH3 Cl CH3Cl CH3ClCH3 Cl

H

C
C

H

C
C

CH3Cl H

C
C

 
 

What are the names of the two monomers needed to make this polymer? 

A 1,2-dichloropropene and 2-chlorobut-2-ene 

B 2,3-dichlorobut-2-ene and chloropropene 

C 1,2-dichloropropene and chloroethene 

D chloropropene and 2-chlorobut-2-ene 
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28 Which compound may be synthesised from an alkene, with formula C4H8, by an addition 
reaction? 

A 1,1-dibromobutane 

B 1,2-dibromobutane 

C 1,3-dibromobutane 

D 1,3-dibromomethylpropane 
 
 
29 The structure of compound G is shown. 
 

C N

CH2

C

O

OCH3

C

 
 

Compound G undergoes addition polymerisation. 
 

Which diagram shows the repeat unit of the polymer formed? 
 

CH C

O

N

C

C

A B C D

CH2

N

C

C

CH C

CO2CH3

C

H

N

CO2CH3

CH2

N

C

C

CO2CH3  
 
 
30 Compound T is tested with three reagents and gives the results shown. 
 

reagent result 

2,4-DNPH orange precipitate 

Fehling’s solution no reaction 

acidified K2Cr2O7 no reaction 
 

What is compound T? 

A (CH3)2CHCHO 

B (CH3)2CHCH2OH 

C CH3CH(OH)COCH3 

D (CH3)2CHCOCH3 
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31 Considering only structural isomers, what is the number of alcohols of each type with the formula 
C5H12O? 

 
 primary secondary tertiary 

A 3 3 2 

B 4 2 2 

C 4 3 1 

D 5 2 1 
 
 
32 Which structure represents part of the polymer chain of PVC? 
 

C

H

H

C

H

H

C

H

H

C

H

A

H

C

H

C

Cl Cl

H

C

H

C

H

C

H

C

B

H

C

H

C

Cl Cl Cl

Cl Cl ClH

C

H

H

C

H

H

C

H

H

C

H

C

C

H

C

Cl Cl

ClH

C C CC

D

H

C

H

C

Cl Cl ClCl Cl Cl

H H HH  
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24 Sulfur dioxide in the atmosphere can form acid rain. This occurs in two steps. 
 

1 oxidation of SO2 to SO3 

2 formation of dilute H2SO4 
 

Which row identifies the atmospheric catalyst for step 1 and the reagent for step 2? 
 

 catalyst reagent 

A O2 H2O 

B O2 O2 

C NO2 H2O 

D NO2 O2 
 
 
25 Which statement about the mechanism of an SN1 reaction of a halogenoalkane is correct? 

A A nucleophile is substituted by an electrophile. 

B One intermediate is formed from two reacting molecules. 

C The intermediate is stabilised by adjacent alkyl groups. 

D The intermediate is uncharged. 
 
 
26 The repeat unit of a polymer is shown. 
 

n

C

H

H

C

Cl

H

C

H

H

C

OH

H

 
 

Three statements about this polymer are listed. 
 

1 Its disposal is hazardous because it produces toxic gases when burned. 

2 Two different monomers are used to make this polymer. 

3 The monomer for this polymer is 3-chlorobut-2-ene-1-ol. 
 

Which statements are correct? 

A 1 and 2 B 1 and 3 C 1 only D 2 only 
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23 In which row do the particles increase in size? 
 

 smallest  largest 

A N O F 

B N3– O2– F– 

C Na+ Mg2+ Al 3+ 

D Na+ Ne F– 
 
 
24 W, X, Y and Z are Group 2 elements barium, calcium, magnesium and strontium but not in that 

order. 
 

W reacts faster with dilute hydrochloric acid than Y. 
 

The hydroxide of X is less soluble in water than the hydroxide of W. 
 

The sulfate of Y is the most soluble of the sulfates of W, X, Y and Z. 
 

The carbonate of Z decomposes more slowly than the carbonate of W at the same temperature. 
 

What is the Mr of the nitrate of W? 

A 148.3 B 164.1 C 211.6 D 261.3 
 
 
25 Polymer J has repeat unit –[CH(C2H5)CH(CH3)]–. 
 

Polymer K has repeat unit –[CH(CH3)CH(CH3)]–. 
 

Which row is correct? 
 

 
monomer from 

which polymer J 
is produced 

monomer from 
which polymer K 

is produced 

A pent-1-ene but-1-ene 

B pent-1-ene but-2-ene 

C pent-2-ene but-1-ene 

D pent-2-ene but-2-ene 
 
 
26 0.200 mol ethanenitrile reacts with an excess of dilute sodium hydroxide. The reaction produces 

organic compound S and ammonia gas only. 
 

The reaction has an 80.0% yield. 
 

Which mass of S is produced? 

A 9.60 g B 13.1 g C 15.4 g D 16.4 g 
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39 The diagram shows part of a polymer chain. 
 

H

C

CN

H

H

CN

H

H

H

H

CN

H

H

CN

H

H

H

C C C C C C C

 
 

Which monomer would form this polymer? 
 

H

H

C

CN

H

C

H

HCN

CN H

H

C

H

CN

CN

C C C

H

H

C

H H

CN

CN

C C C

A B C D

C C

H  
 
 
40 The mass spectrum of element Z is shown. 
 

30 35 40 45 50 55
m / e

60 65 70 75 80

100

50

0

relative
intensity

 
 

What is element Z? 

A arsenic 

B chlorine 

C gallium 

D tungsten 
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32 A small section of a polymer produced from two monomers is shown. 
 

–CH2–C(CH3)2–CH(CH3)–CH2– 
 

What are the two monomers? 

A but-1-ene and propene 

B but-2-ene and propene 

C ethene and pent-2-ene 

D methylpropene and propene 
 
 
33 The balanced equation for the reaction of X with an excess of acidified K2Cr2O7 is shown. 
 

X  +  3[O]    Y  +  H2O 
 

Compound Y is the only organic product of the reaction. 
 

Which compound is X? 
 

HO C

H

H

C

H

A

OH

C

OH

H

H

HO C

H

H
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H
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H

C

H

C

CH
CH3

C

O

H

O

O

HO

C

H

C

H

D

C

C

O

H

H  
 
 
34 Three mixtures are heated under reflux. 
 

Which mixtures will produce sodium propanoate as one product? 
 

1 CH3CH2CHO  +  NaBH4(aq) 

2 CH3CH2CH2OH  +  Na(s) 

3 CH3CH2CN  +  NaOH(aq) 
 

A 1, 2 and 3 B 1 and 2 only C 2 and 3 only D 3 only 
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39 A section of an addition polymer is shown. 
 

C

H

H

C

O

H

C

H

O

C

H

H

C

H

O

O

C

C

O

C
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H

H
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C
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H

H3C

H3C CH3

O C
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Which monomer is used to make this polymer? 
 

O

O

A

O

O

C

O

O

B D

O

O

O

O
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32 A small section of a polymer produced from two monomers is shown. 
 

–CH2–C(CH3)2–CH(CH3)–CH2– 
 

What are the two monomers? 

A but-1-ene and propene 

B but-2-ene and propene 

C ethene and pent-2-ene 

D methylpropene and propene 
 
 
33 The balanced equation for the reaction of X with an excess of acidified K2Cr2O7 is shown. 
 

X  +  3[O]    Y  +  H2O 
 

Compound Y is the only organic product of the reaction. 
 

Which compound is X? 
 

HO C

H

H

C

H

A
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H
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H
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H
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34 Three mixtures are heated under reflux. 
 

Which mixtures will produce sodium propanoate as one product? 
 

1 CH3CH2CHO  +  NaBH4(aq) 

2 CH3CH2CH2OH  +  Na(s) 

3 CH3CH2CN  +  NaOH(aq) 
 

A 1, 2 and 3 B 1 and 2 only C 2 and 3 only D 3 only 
 
 


