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20 The diagrams show two different compounds. 
 

O

1

O

2  
 

What is 
 

● the total number of structural isomers, including compound 2, that could be formed 
by adding a second methyl group to the ring of compound 1, 

 

● the number of π electrons in each compound? 
 

 
number of 
isomers 

number of 

π electrons 

A 3 2 

B 3 4 

C 5 2 

D 5 4 

 
 
21 The structural formula of compound X is shown below. 
 

CH3CH2CH2OC

O

H

compound X  
 

What is the name of compound X and how does its boiling point compare with that of butanoic 
acid? 

 

 name of X boiling point of X 

A methyl propanoate higher than butanoic acid 

B methyl propanoate lower than butanoic acid 

C propyl methanoate higher than butanoic acid 

D propyl methanoate lower than butanoic acid 
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22 Which pair of reagents will take part in a redox reaction? 

A CH3CHCH2  +  Br2 

B CH3CH2CH2OH  +  concentrated H3PO4 

C CH3COCH3  +  HCN 

D HCO2C2H5  +  dilute H2SO4 
 
 
23 The first propagation step in the reaction between methane and chlorine is shown. 

CH4  +  Cl •  →  CH3• +  HCl 
 

How many different first propagation steps are possible in the reaction between pentane and 
chlorine? 

A 2 B 3 C 4 D 5 
 
 
24 Alcohol Y gives product Z after mild oxidation. Z gives a positive result with Tollens’ reagent and 

with 2,4-dinitrophenylhydrazine reagent. 
 

What could be the identity of alcohol Y? 

A butan-1-ol 

B butan-2-ol 

C butan-2,3-diol 

D 2-methylbutan-2-ol 
 
 
25 A student prepares pentan-1-ol by the alkaline hydrolysis of 1-iodopentane. She gently warms the 

reaction mixture for 20 minutes. 
 

CH3CH2CH2CH2CH2I  +  OH–  →  CH3CH2CH2CH2CH2OH  +  I– 
 
 

When the student uses 1-chloropentane to prepare the same alcohol she has to change the 
condition of the reaction. 

 
Which change in condition should she use and what is the correct reason for its use? 

 

 change in condition reason 

A heat under reflux C–Cl bond is more polar than the C–I bond 

B heat under reflux C–Cl bond is stronger than the C–I bond 

C room temperature C–Cl bond is more polar than the C–I bond  

D room temperature C–Cl bond is shorter than the C–I bond 
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22 Oct-1-ene, CH3(CH2)5CH=CH2, can be thermally cracked. 
 

Which combination of compounds W, X, Y and Z can be obtained by thermally cracking  
oct-1-ene? 

 
 CH2=CH2 CH3CH=CH2 CH3CH2CH3 CH2=CHCH=CH2 

 W X Y Z 
 

A W, X, Y and Z 

B W, X and Y only 

C W, X and Z only 

D W and X only 
 
 
23 A cycloalkene with the molecular formula C7H12 was oxidised by hot concentrated acidified  

MnO4
–. The only organic product was 2-methylhexane-1,6-dioic acid. 

 
What is the identity of the cycloalkene? 

 

A B C D

CH
3

CH
3

CH
3 CH

3

CH
3 

 
 
24 1-chloro-1-methylcyclohexane is hydrolysed by heating with NaOH(aq). 
 

CH3

Cl
+  OH–  →

CH3

OH
+  Cl –

 
 

The reaction pathway is shown. 
 

energy

reaction pathway

Z

 
 

One carbon atom in 1-chloro-1-methylcyclohexane is bonded to three other carbon atoms. 
 

What is the charge on this carbon atom at point Z? 

A δ+ B + C δ – D – 
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22 Oct-1-ene, CH3(CH2)5CH=CH2, can be thermally cracked. 
 

Which combination of compounds W, X, Y and Z can be obtained by thermally cracking  
oct-1-ene? 

 
 CH2=CH2 CH3CH=CH2 CH3CH2CH3 CH2=CHCH=CH2 

 W X Y Z 
 

A W, X, Y and Z 

B W, X and Y only 

C W, X and Z only 

D W and X only 
 
 
23 A cycloalkene with the molecular formula C7H12 was oxidised by hot concentrated acidified  

MnO4
–. The only organic product was 2-methylhexane-1,6-dioic acid. 

 
What is the identity of the cycloalkene? 

 

A B C D

CH
3

CH
3

CH
3 CH

3

CH
3 

 
 
24 1-chloro-1-methylcyclohexane is hydrolysed by heating with NaOH(aq). 
 

CH3

Cl
+  OH–  →

CH3

OH
+  Cl –

 
 

The reaction pathway is shown. 
 

energy

reaction pathway

Z

 
 

One carbon atom in 1-chloro-1-methylcyclohexane is bonded to three other carbon atoms. 
 

What is the charge on this carbon atom at point Z? 

A δ+ B + C δ – D – 
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20 What is the correct name of the molecule with the skeletal formula 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 
 
 
21 The diagram shows the structure of 1,3-butadiene. 
 

C
C

HC
C

H

H

H H

H

1,3-butadiene  
 

The addition reaction between 1,3-butadiene and two molecules of hydrogen bromide can 
produce three structurally isomeric products. 

 
How many of these products have at least one chiral centre? 

A 0 B 1 C 2 D 3 
 
 
22 An ester with an aroma of pineapples can be synthesised in the laboratory from butanal using this 

reaction scheme. 
 

CH3(CH2)2CHO

NaBH4

conc. H2SO4

Cr2O7
2– / H+

X

Y

ester

 
 

What is the structural formula of the ester? 

A CH3(CH2)2CO2(CH2)2CH3 

B CH3(CH2)2CO2(CH2)3CH3 

C CH3(CH2)3CO2(CH2)2CH3 

D CH3(CH2)3CO2(CH2)3CH3 
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23 When heated with chlorine, the hydrocarbon 2,2-dimethylbutane undergoes free radical 
substitution. 

 
In a propagation step a free radical X• is formed. 

 

CH3CH2 CH3  +  Cl • →  X• +  HCl

CH3

CH3

C

 
 

How many different structures of X• are possible? 

A 2 B 3 C 4 D 5 
 
 
24 Vitamin A contains retinol. 
 

OH

retinol  
 

Under appropriate conditions, acidified KMnO4(aq) can be used to break apart C=C bonds. 
 

After these bonds have been broken, further oxidation of the fragments may occur. 
 

Under which conditions is the acidified KMnO4(aq) used and what do the final oxidation products 
include? 

 

 conditions final oxidation products 

A cold, dilute aldehydes and carboxylic acids 

B cold, dilute ketones and carboxylic acids 

C hot, concentrated aldehydes and carboxylic acids 

D hot, concentrated ketones and carboxylic acids 
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23 When heated with chlorine, the hydrocarbon 2,2-dimethylbutane undergoes free radical 
substitution. 

 
In a propagation step a free radical X• is formed. 

 

CH3CH2 CH3  +  Cl • →  X• +  HCl

CH3

CH3

C

 
 

How many different structures of X• are possible? 

A 2 B 3 C 4 D 5 
 
 
24 Vitamin A contains retinol. 
 

OH

retinol  
 

Under appropriate conditions, acidified KMnO4(aq) can be used to break apart C=C bonds. 
 

After these bonds have been broken, further oxidation of the fragments may occur. 
 

Under which conditions is the acidified KMnO4(aq) used and what do the final oxidation products 
include? 

 

 conditions final oxidation products 

A cold, dilute aldehydes and carboxylic acids 

B cold, dilute ketones and carboxylic acids 

C hot, concentrated aldehydes and carboxylic acids 

D hot, concentrated ketones and carboxylic acids 
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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. 

 

C

H

H

H

H

H

H

C C

CC

C

Kekulé structure  
 

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. 
 

OH

CH3

H3C CH3
CH3 CH3

vitamin A  
 

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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20 Limonene is found in lemon and orange oils. 
 

limonene 
 

What will be the major product when limonene is reacted with an excess of dry hydrogen 
chloride? 

 
A B C D

Cl Cl

Cl
Cl

Cl Cl

 
 
 
21 The compound rotundone is responsible for the peppery smell of pepper and is also found in 

some red wines. 
 

O

rotundone  
 

How many hydrogen atoms are in one molecule of rotundone? 

A 15 B 19 C 22 D 24 
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29 How many of the compounds shown will react with aqueous sodium hydroxide to form the sodium 
salt of a carboxylic acid? 

 
OH3C

O

C CH2 CH3

OH

O

C CH2 CH3

O

H

O

C

CH2 CH3CH2

O

O H

H3C CH

CH3

C

 
 

A 1 B 2 C 3 D 4 
 
 
30 Some vegetable oils contain ‘trans fats’ that are associated with undesirable increases in the 

amount of cholesterol in the blood. In these oils the word ‘trans’ describes, in the usual way, the 
arrangement of groups at a C=C double bond. 

 
In the diagrams below, R1 and R2 are different unbranched hydrocarbon chains. 

 
Which diagram correctly shows an optically active ‘trans fat’? 

 

CH3(CH2)6C C(CH2)7CO2CH

A

H

H R1CO2CH2

R1CO2CH2 R1CO2CH2

R1CO2CH2

CH3(CH2)6C C(CH2)7CO2CH

B

H

H R1CO2CH2

R2CO2CH2

CH3(CH2)6C C(CH2)7CO2CH

C

HH

R1CO2CH2

CH3(CH2)6C C(CH2)7CO2CH

D

HH

R2CO2CH2 
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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. 
 

OH H

H OH

CH2OH

HH

H H

OH

H

H

CH2OH

H

OH

O

O O

O
H

 
 

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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36 Oxides of both sulfur and nitrogen are present in the atmosphere. 
 

Which statements are correct? 

1 Oxides of both sulfur and nitrogen can be formed in internal combustion engines. 

2 Oxides of both sulfur and nitrogen can be produced by direct combination of the elements. 

3 Oxides of both sulfur and nitrogen are involved in the formation of acid rain. 
 
 
37 A species of termite produces a chemical defence secretion which contains the molecule shown. 
 

CH3

H3C

C CC

C

H

H

H

H

H

H

CH2

CH2

CC

 
 

To help determine the structure of this compound, it is treated with hot, concentrated, acidified 

manganate(VII) ions. 

 
Which compounds are produced in this reaction? 

1 CO2 

2 CH3COCH3 

3 CH3CO2H 
 
 
38 1-bromopropane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about this reaction are correct? 
 

 solvent used main organic product 

1 ethanol propene 

2 water propan-1-ol 

3 ethanol propane-1-2-diol 

 
 



9701 Chemistry Paper 1 - Hydrocarbons
Topical questions | 175 questions

12. Question | 9701 Oct-Nov 2016 P1 V3 Q20 9 

© UCLES 2016 9701/13/O/N/16 [Turn over 

20 In 1865 Kekulé suggested a ring structure for benzene, C6H6, in which a hydrogen atom is 
attached to each carbon atom. 

 

C

H

H

H

H

H

H

C C

CC

C

Kekulé structure  
 

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. 
 

OH

CH3

H3C CH3
CH3 CH3

vitamin A  
 

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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23 Part of the structure of a fungicide, strobilurin, is shown. R and R' are inert groups. 
 

R
R'

O OCH3

strobilurin  
 

In this reaction, strobilurin is warmed with aqueous sulfuric acid producing compound X. 
Compound X is then treated with hydrogen in the presence of a nickel catalyst producing 
compound Y. 

 
What could be the structure of compound Y? 

 
A B

C D

R

R

R

R

OH

OH OH

OCH3

OH OH

OH

HO

R' R'

R'R'

O

O

 
 
 
24 Chloroethane can be used to make sodium propanoate. 
 

chloroethane  →  Q  →  sodium propanoate 
 

The intermediate, Q, is hydrolysed with boiling aqueous sodium hydroxide to give sodium 
propanoate. 

 
Which reagent would produce the intermediate, Q, from chloroethane? 

A concentrated ammonia solution 

B dilute sulfuric acid 

C hydrogen cyanide in water 

D potassium cyanide in ethanol 
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18 Z is an anhydrous compound of a Group 2 element. When it is heated, Z undergoes thermal 
decomposition to produce two different gases. Z has relatively low thermal stability compared to 
other Group 2 compounds containing the same anion as Z. 

 
What is compound Z? 

A barium carbonate 

B barium nitrate 

C magnesium carbonate 

D magnesium nitrate 
 
 
19 Methylamine, CH3NH2, has very similar chemical properties to ammonia, NH3. 
 

Methylamine reacts with hydrogen chloride to form a white crystalline salt, 
methylammonium chloride. 

 

CH3NH2  +  HCl  →  CH3NH3
+Cl 

– 
 

A sample of methylammonium chloride is heated with aqueous sodium hydroxide. 
 

What are the products? 

A ammonia, sodium chloride and water 

B ammonia, sodium hydrogencarbonate and sodium chloride 

C methylamine, hydrogen chloride and water 

D methylamine, sodium chloride and water 
 
 
20 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

How many isomers with the formula C4H8 have structures that contain a π bond? 

A 1 B 2 C 3 D 4 
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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 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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34 Sulfur dioxide and oxygen react in the gas phase. 
 

 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –197 kJ mol–1 
 

Which statements are correct? 

1 Increasing the pressure increases the equilibrium yield of SO3. 

2 Increasing the temperature lowers the value of the equilibrium constant Kp. 

3 The presence of a vanadium(V) oxide catalyst increases the equilibrium yield of SO3. 

 
 
35 Three test-tubes, X, Y, and Z, each contain a small amount of water. 
 

● A small amount of NaCl is added to test-tube X. 

● A small amount of SiCl 4 is added to test-tube Y. 

● A small amount of Al Cl 3 is added to test-tube Z. 
 

After a short time, two drops of Universal Indicator solution are added to each test-tube. 
 

Which observations are made? 

1 The indicator added to test-tube X stays green. 

2 The indicator added to test-tube Y turns red. 

3 The indicator added to test-tube Z turns red. 
 
 
36 Sodium chloride and sodium iodide react with concentrated sulfuric acid. 
 

Which statements are correct? 

1 Sodium chloride is not oxidised by concentrated sulfuric acid. 

2 No colour change is seen when concentrated sulfuric acid is added to sodium chloride. 

3 Sodium iodide is oxidised by concentrated sulfuric acid. 
 
 
37 Which compounds can be obtained from but-2-ene in a single reaction? 

1 CH3CH(OH)CH(OH)CH3 

2 CH3CH(OH)CH2CH3 

3 CH3CO2H 
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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 Which statements help to explain the mechanism of the reaction between 1-chloropropane and 

ammonia? 

1 1-chloropropane has a δ– chlorine atom that forms hydrogen bonds with a δ+ hydrogen atom 
in ammonia. 

2 1-chloropropane is a polar compound with a δ+ carbon atom. 

3 There is a lone pair of electrons on the nitrogen atom in ammonia. 
 
 
39 Which compounds react with alkaline aqueous iodine to give a pale yellow precipitate of  

tri-iodomethane? 

1 butanone 

2 ethanal 

3 propan-2-ol 
 
 
40 Propanoic acid occurs naturally as a result of the bacterial fermentation of milk and is partly 

responsible for the flavour of Swiss cheese. 
 

propanoic acid
OH

O

 
 

Which starting materials can be used to produce propanoic acid? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3CH2CN 
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21 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 
 
 
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. 
 

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 
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21 Geraniol and linalool are compounds found in some flower fragrances. 
 

 
 

Which statement is correct? 

A They are chain isomers of each other. 

B They are geometrical isomers of each other. 

C They are optical isomers of each other. 

D They are positional isomers of each other. 
 
 
22 Which equation represents the initiation step of the substitution reaction between methane and 

chlorine? 

A CH4  →  CH3•  +  H• 

B CH4  →  CH3
–  +  H+ 

C Cl 2  →  2Cl • 

D Cl 2  →  Cl +  +  Cl – 
 
 
23 Aqueous sodium hydroxide reacts with 1-bromopropane to give propan-1-ol. 
 

What should be included in a diagram of the first step in the mechanism? 

A a curly arrow from a lone pair on the OH– ion to the Cδ+ atom of 1-bromopropane 

B a curly arrow from the Cδ+ atom of 1-bromopropane to the OH– ion 

C a curly arrow from the C–Br bond to the C atom 

D the homolytic fission of the C–Br bond 
 
 

CH3

CH3H3C

CH CH

C

geraniol

CH2OH
C

H

H2C

H2C

C

CH3

CH3

CH2

H3C

H

C

linalool

CH2C

HO

H2C

C
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25 Bromine reacts with ethene in the dark. 
 

Which description of the organic intermediate in this reaction is correct? 

A It has a negative charge. 

B It is a free radical. 

C It is a nucleophile. 

D It is an electrophile. 
 
 
26 Which statement about butan-1-ol, butan-2-ol, and 2-methylbutan-2-ol is not correct? 

A They all react with methanoic acid to form an ester. 

B They all react with sodium. 

C They can all be dehydrated to form an alkene. 

D They can all be oxidised to a carbonyl compound. 
 
 
27 Which compound will react with acidified potassium dichromate(VI) and with alkaline aqueous 

iodine? 

A CH3COCH2CH3 

B CH3CH(OH)CH2CH3 

C CH3CH2CH2CHO 

D CH3CH2CH2CH2OH 
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20 The structural formula of compound Q is shown. 
 

O

Q  
 

How many stereoisomers exist with this structural formula? 

A 1 B 2 C 4 D 8 
 
 
21 What is the name of compound X? 
 

OH

compound X  
 

A trans-2-hydroxyhex-3-ene 

B trans-2-hydroxyhexene 

C trans-5-hydroxyhex-3-ene 

D trans-5-hydroxyhexene 
 
 
22 Many, but not all, organic reactions need to be heated before a reaction occurs. 
 

Which reaction occurs quickly at room temperature, 20 °C? 

A C2H4  +  Br2  →  C2H4Br2 

B C2H4  +  H2O →   CH3CH2OH 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2OH  +  HBr  →  CH3CH2Br  +  H2O 
 
 

22. Question | 9701 Oct-Nov 2017 P1 V1 Q22

8 
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20 The structural formula of compound Q is shown. 
 

O

Q  
 

How many stereoisomers exist with this structural formula? 

A 1 B 2 C 4 D 8 
 
 
21 What is the name of compound X? 
 

OH

compound X  
 

A trans-2-hydroxyhex-3-ene 

B trans-2-hydroxyhexene 

C trans-5-hydroxyhex-3-ene 

D trans-5-hydroxyhexene 
 
 
22 Many, but not all, organic reactions need to be heated before a reaction occurs. 
 

Which reaction occurs quickly at room temperature, 20 °C? 

A C2H4  +  Br2  →  C2H4Br2 

B C2H4  +  H2O →   CH3CH2OH 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2OH  +  HBr  →  CH3CH2Br  +  H2O 
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29 Ethene is reacted with steam in the presence of concentrated H3PO4. The product of this reaction 
is added to acidified potassium dichromate(VI) and heated under reflux for one hour. The final 
organic product is collected and labelled X. 

 
But-2-ene is treated with hot, concentrated, acidified potassium manganate(VII). The final 
organic product is collected and labelled Y. 

 
Which statement is correct? 

A One molecule of X has more carbon atoms than one molecule of Y. 

B One molecule of Y has more carbon atoms than one molecule of X. 

C X and Y have different functional groups. 

D X is the same compound as Y. 
 
 
30 A sample of the ester CH3CH2CH2CO2CH2CH3 is hydrolysed. The product mixture is then treated 

with hot, acidified KMnO4. 
 

What are the final carbon-containing products? 

A CH3CH2CO2H only 

B CH3CO2H  +  CH3CH2CO2H 

C CH3CO2H  +  CH3CH2CH2CO2H 

D CH3CH2OH  +  CH3CH2CH2CO2H 
 
 
 

24. Question part 1/2 | 9701 Oct-Nov 2017 P1 V1 Q37
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33 One way of recovering tin from old printed circuit boards is to dissolve it in a mixture of 
concentrated hydrochloric acid and concentrated nitric acid. The tin dissolves because it reacts 
with the mixture of these concentrated acids. 

 
Sn  +  4HCl  +  2HNO3  →  SnCl 4  +  NO2  +  NO  +  3H2O 

 
Which statements about this reaction are correct? 

1 Nitrogen is present in three different oxidation states in the reactants and products. 

2 The oxidation state of tin increases from 0 to +4. 

3 The oxidation state of chlorine remains the same. 
 
 
34 The following reaction takes place in a suitable solvent. 
 

Na+NH2
–  +  NH4

+Cl 
–  →  Na+Cl 

–  +  2NH3 
 

Which statements explain why this reaction should be classified as a Brønsted-Lowry acid-base 
reaction? 

1 The ammonium ion acts as a proton donor. 

2 Na+Cl 
– is a salt. 

3 Ammonia is a nucleophile. 
 
 
35 Which statements about the elements barium and calcium and their compounds are correct? 

1 Barium nitrate decomposes at a higher temperature than calcium nitrate. 

2 Barium hydroxide is more soluble in water than is calcium hydroxide. 

3 Calcium is more reactive with water than is barium. 
 
 
36 Which statements explain why nitrogen gas is unreactive? 

1 Nitrogen atoms are highly electronegative. 

2 Nitrogen molecules are non-polar. 

3 The triple bond between nitrogen atoms is very strong. 
 
 
37 In which molecules do all the carbon atoms lie in the same plane? 

1 2,3-dimethylbut-2-ene 

2 propane 

3 cyclohexane 
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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 A reaction pathway diagram is shown.  
 

energy

progress of reaction  
 

Which reactions would have this reaction pathway diagram? 

1 (CH3)3CBr  +  NaOH  →  (CH3)3COH  +  NaBr 

2 CH3CH2CH2Br  +  NaOH  →  CH3CH2CH2OH  +  NaBr 

3 (CH3)3CCH2CH2Cl  +  2NH3  →  (CH3)3CCH2CH2NH2  +  NH4Cl 
 
 
39 The compounds below are used to make perfumes. 
 

Which compounds will produce a yellow precipitate with alkaline aqueous iodine? 
 

HO O

1 32

OH

OH
OH

OH  
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18 The reaction of nitrogen and oxygen to produce oxides of nitrogen happens at high temperatures 
in car engines or lightning strikes during thunderstorms. 

 
What is the main reason for these reactions requiring such high temperatures? 

A the lack of reactivity of nitrogen, due to the half-filled 2p subshell in the nitrogen atom 

B the lack of reactivity of nitrogen, due to the strength of the bond in N2 

C the lack of reactivity of oxygen, due to electron-electron repulsion in one of its 2p orbitals 

D the lack of reactivity of oxygen, due to the strength of the bond in O2 
 
 
19 X is a mixture of two compounds of Group 2 elements. 
 

X undergoes thermal decomposition to produce a white solid and only two gaseous products. 
One of the gaseous products relights a glowing splint. 

 
What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

C Mg(NO3)2 and Ca(NO3)2 

D MgO and CaO 
 
 
20 Which compound does not exhibit stereoisomerism? 

A CH3CHCl CH2CHO 

B CH3CHCHCH3 

C CH2Cl CH2CCl 2H 

D CHCl CHCl 
 
 
21 The diagram shows the skeletal formula of citric acid. 
 

O
OO

OH

OH
OHHO

citric acid  
 

What is the molecular formula of citric acid? 

A C6H8O7 B C6H4O7 C C8H8O7 D C10H8O7 
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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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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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20 The structural formula of compound Q is shown. 
 

O

Q  
 

How many stereoisomers exist with this structural formula? 

A 1 B 2 C 4 D 8 
 
 
21 What is the name of compound X? 
 

OH

compound X  
 

A trans-2-hydroxyhex-3-ene 

B trans-2-hydroxyhexene 

C trans-5-hydroxyhex-3-ene 

D trans-5-hydroxyhexene 
 
 
22 Many, but not all, organic reactions need to be heated before a reaction occurs. 
 

Which reaction occurs quickly at room temperature, 20 °C? 

A C2H4  +  Br2  →  C2H4Br2 

B C2H4  +  H2O →   CH3CH2OH 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2OH  +  HBr  →  CH3CH2Br  +  H2O 
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20 The structural formula of compound Q is shown. 
 

O

Q  
 

How many stereoisomers exist with this structural formula? 

A 1 B 2 C 4 D 8 
 
 
21 What is the name of compound X? 
 

OH

compound X  
 

A trans-2-hydroxyhex-3-ene 

B trans-2-hydroxyhexene 

C trans-5-hydroxyhex-3-ene 

D trans-5-hydroxyhexene 
 
 
22 Many, but not all, organic reactions need to be heated before a reaction occurs. 
 

Which reaction occurs quickly at room temperature, 20 °C? 

A C2H4  +  Br2  →  C2H4Br2 

B C2H4  +  H2O →   CH3CH2OH 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2OH  +  HBr  →  CH3CH2Br  +  H2O 
 
 

30. Question | 9701 Oct-Nov 2017 P1 V3 Q29 11 
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29 Ethene is reacted with steam in the presence of concentrated H3PO4. The product of this reaction 
is added to acidified potassium dichromate(VI) and heated under reflux for one hour. The final 
organic product is collected and labelled X. 

 
But-2-ene is treated with hot, concentrated, acidified potassium manganate(VII). The final 
organic product is collected and labelled Y. 

 
Which statement is correct? 

A One molecule of X has more carbon atoms than one molecule of Y. 

B One molecule of Y has more carbon atoms than one molecule of X. 

C X and Y have different functional groups. 

D X is the same compound as Y. 
 
 
30 A sample of the ester CH3CH2CH2CO2CH2CH3 is hydrolysed. The product mixture is then treated 

with hot, acidified KMnO4. 
 

What are the final carbon-containing products? 

A CH3CH2CO2H only 

B CH3CO2H  +  CH3CH2CO2H 

C CH3CO2H  +  CH3CH2CH2CO2H 

D CH3CH2OH  +  CH3CH2CH2CO2H 
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18 When burned, sulfur forms a gaseous product X which can be oxidised to produce a gas Y. 
 

Gas Y reacts with water to produce a product Z. 
 

Which row correctly shows the oxidation states of sulfur in X, Y and Z? 
 

 X Y Z 

A –2 +4 +4 

B –2 +4 +6 

C +4 +6 +4 

D +4 +6 +6 
 
 
19 One molecule of ammonia reacts with one molecule of ethyl methanoate, HCO2C2H5, to produce 

one molecule of methanamide, HCONH2, and only one other molecule, X. 
 

One molecule of methanamide decomposes on heating strongly to produce one molecule of 
ammonia and only one other molecule, Y. 

 
What could be the identities of X and Y? 

 
 X Y 

A ethanoic acid carbon monoxide 

B ethanoic acid hydrogen cyanide 

C ethanol carbon monoxide 

D ethanol hydrogen cyanide 
 
 
20 Which types of stereoisomerism are shown by 2,4-dimethylhex-2-ene? 

A both cis-trans isomerism and optical isomerism 

B cis-trans isomerism only 

C neither cis-trans isomerism nor optical isomerism 

D optical isomerism only 
 
 

32. Question | 9701 May-June 2018 P1 V1 Q38
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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. 
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20 Compound Y is treated with an excess of hydrogen gas in the presence of a nickel catalyst. The 
product is fully saturated. 

 

compound Y  
 

What is the number of chiral carbon atoms in the product? 

A 5 B 6 C 7 D 8 
 
 
21 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H6  +  Cl •  →  C2H5Cl  +  H• 

B C2H5Cl  +  Cl •  →  C2H4Cl •  +  HCl 

C C2H5Cl  +  H•  →  C2H5•  +  HCl 

D C2H5•  +  Cl •  →  C2H5Cl 
 
 
22 Maleic acid is used in the food industry and for stabilising drugs. It is the cis-isomer of butenedioic 

acid and has the structural formula HO2CCH=CHCO2H. 
 

What is the product formed from the reaction of maleic acid with cold, dilute, acidified 
manganate(VII) ions? 

A HO2CCH(OH)CH(OH)CO2H 

B HO2CCO2H 

C HO2CCH2CH(OH)CO2H 

D HO2CCOCOCO2H 
 
 
23 Primary halogenoalkanes undergo hydrolysis reactions. 
 

Which reaction would occur most rapidly if they are all warmed to the same temperature? 

A C2H5Br with H2O 

B C2H5Br with NaOH(aq) 

C C2H5Cl with H2O 

D C2H5Cl with NaOH(aq) 
 
 

34. Question | 9701 May-June 2018 P1 V2 Q21
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20 Compound Y is treated with an excess of hydrogen gas in the presence of a nickel catalyst. The 
product is fully saturated. 

 

compound Y  
 

What is the number of chiral carbon atoms in the product? 

A 5 B 6 C 7 D 8 
 
 
21 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H6  +  Cl •  →  C2H5Cl  +  H• 

B C2H5Cl  +  Cl •  →  C2H4Cl •  +  HCl 

C C2H5Cl  +  H•  →  C2H5•  +  HCl 

D C2H5•  +  Cl •  →  C2H5Cl 
 
 
22 Maleic acid is used in the food industry and for stabilising drugs. It is the cis-isomer of butenedioic 

acid and has the structural formula HO2CCH=CHCO2H. 
 

What is the product formed from the reaction of maleic acid with cold, dilute, acidified 
manganate(VII) ions? 

A HO2CCH(OH)CH(OH)CO2H 

B HO2CCO2H 

C HO2CCH2CH(OH)CO2H 

D HO2CCOCOCO2H 
 
 
23 Primary halogenoalkanes undergo hydrolysis reactions. 
 

Which reaction would occur most rapidly if they are all warmed to the same temperature? 

A C2H5Br with H2O 

B C2H5Br with NaOH(aq) 

C C2H5Cl with H2O 

D C2H5Cl with NaOH(aq) 
 
 

35. Question | 9701 May-June 2018 P1 V2 Q22
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20 Compound Y is treated with an excess of hydrogen gas in the presence of a nickel catalyst. The 
product is fully saturated. 

 

compound Y  
 

What is the number of chiral carbon atoms in the product? 

A 5 B 6 C 7 D 8 
 
 
21 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H6  +  Cl •  →  C2H5Cl  +  H• 

B C2H5Cl  +  Cl •  →  C2H4Cl •  +  HCl 

C C2H5Cl  +  H•  →  C2H5•  +  HCl 

D C2H5•  +  Cl •  →  C2H5Cl 
 
 
22 Maleic acid is used in the food industry and for stabilising drugs. It is the cis-isomer of butenedioic 

acid and has the structural formula HO2CCH=CHCO2H. 
 

What is the product formed from the reaction of maleic acid with cold, dilute, acidified 
manganate(VII) ions? 

A HO2CCH(OH)CH(OH)CO2H 

B HO2CCO2H 

C HO2CCH2CH(OH)CO2H 

D HO2CCOCOCO2H 
 
 
23 Primary halogenoalkanes undergo hydrolysis reactions. 
 

Which reaction would occur most rapidly if they are all warmed to the same temperature? 

A C2H5Br with H2O 

B C2H5Br with NaOH(aq) 

C C2H5Cl with H2O 

D C2H5Cl with NaOH(aq) 
 
 

36. Question | 9701 May-June 2018 P1 V2 Q37
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34 The temperature of a reversible gas phase reaction is increased. 
 

Which statements are always correct? 

1 More product is present at equilibrium. 

2 The average speed of the particles increases. 

3 There are more successful collisions per unit time. 
 
 
35 Three samples of chlorine gas each contain 0.710 g of chlorine. Each sample is reacted with a 

reagent. 
 

● In the first reaction a sample is reacted completely with hydrogen gas. 

● In the second reaction a sample is reacted completely with cold NaOH(aq). 

● In the third reaction a sample is reacted completely with hot NaOH(aq). 
 

Which masses of the named products would be formed? 

1 Exactly 0.730 g of HCl form in the first reaction. 

2 Exactly 0.585 g of NaCl form in the second reaction. 

3 Exactly 0.975 g of NaCl form in the third reaction. 
 
 
36 Solid barium oxide is added to some ammonium sulfate solution in a test-tube and the mixture is 

warmed. A piece of damp red litmus paper is held over the mouth of the test-tube. 
 

Which observations would be made? 

1 The damp litmus paper initially turns from red to blue. 

2 A white precipitate forms in the test-tube. 

3 A brown gas is evolved with strong heating. 
 
 
37 Which compounds show geometrical (cis-trans) isomerism? 

1 CH3CH=C(CH3)C2H5 

2 CH3CH=CHCH2CH2CH3 

3 C2H5CH=CHC2H5 
 
 
38 Which pairs of compounds may be distinguished from each other by testing with alkaline aqueous 

iodine? 

1 ethane-1,2-diol and ethanol 

2 propan-2-ol and methylpropan-2-ol 

3 ethanol and butan-2-ol 
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20 Molecule G is shown. 
 

O

O

G  
 

How many chiral centres are present in each molecule of G? 

A 1 B 2 C 3 D 4 
 
 
21 Sibirene, C15H24, is reacted with an excess of HBr(g). The major product is X. 
 

X
excess HBr(g)

sibirene  
 

What is the skeletal formula of X? 
 

A

Br
Br

B

Br

Br

C

Br Br Br

D

Br
 

 
 



9701 Chemistry Paper 1 - Hydrocarbons
Topical questions | 175 questions

38. Question | 9701 Oct-Nov 2018 P1 V1 Q22 9 

© UCLES 2018 9701/11/O/N/18 [Turn over 

22 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 
 

Q  
 

Which skeletal formula represents a structural isomer of Q? 
 

A B

C D

 
 
 
23 The conversion of propene to propan-2-ol can be carried out in two stages represented by the 

equations shown. 
 

reaction 1 CH3CH=CH2(g)  +  HI(g)  →  CH3CHICH3(l) 

reaction 2 CH3CHICH3(l)  +  KOH(aq)  →  CH3CH(OH)CH3(aq)  +  K+(aq)  +  I–(aq) 
 

How can these two reactions be described? 
 

 reaction 1 reaction 2 

A addition elimination 

B addition substitution 

C elimination substitution 

D substitution elimination 
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22 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 
 

Q  
 

Which skeletal formula represents a structural isomer of Q? 
 

A B

C D

 
 
 
23 The conversion of propene to propan-2-ol can be carried out in two stages represented by the 

equations shown. 
 

reaction 1 CH3CH=CH2(g)  +  HI(g)  →  CH3CHICH3(l) 

reaction 2 CH3CHICH3(l)  +  KOH(aq)  →  CH3CH(OH)CH3(aq)  +  K+(aq)  +  I–(aq) 
 

How can these two reactions be described? 
 

 reaction 1 reaction 2 

A addition elimination 

B addition substitution 

C elimination substitution 

D substitution elimination 
 
 

40. Question | 9701 Oct-Nov 2018 P1 V1 Q37 15 
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37 2-methylpropene can react in more than one way with chlorine. 
 

One of the reactions follows the pathway shown. 
 

CH2 C

2-methylpropene

Cl 2+ → Cl –+ HCl+→

CH3

CH3

Cl CH2 C

intermediate

CH3

CH3
+

Cl CH2 C

product

CH2

CH3

 
 

Which statements about this mechanism are correct? 

1 The intermediate has all carbon atoms in the same plane. 

2 There is an electrophilic attack on the double bond. 

3 It is a free radical mechanism. 
 
 
38 The halogenoalkanes listed below all react with NaOH(aq). 
 

Which reactions proceed mainly by an SN1 mechanism? 

1 1-iodopropane 

2 2-iodo-2-methylpropane 

3 2-bromo-2-methylbutane 
 
 
39 3-oxobutanoic acid can be synthesised in a two-step process. 
 

X Y

3-oxobutanoic acid

O O

OH

 
 

What could be the structure of X? 
 

OH1

Cl O

OH
2

Br O

H
3
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24 Which statement about compound Q is correct? 
 

CH3C

CO2CH3

CHCH2CH3

Q  
 

A It could be polymerised to give a polymer with the repeat unit C .

CO2CH3

H

C

CH2CH3

CH3

B It reacts with chlorine by a free radical mechanism to give CH3CH .

CO2CH3

C CH CH3

H

Cl Cl

C It reacts with cold, dilute acidified manganate(VII) to give CH3C CH2CH3 .

CO2CH3

OH

C

H

OH

CO2CH3 H

C CH2CH3

Br

C

Br

D It reacts with bromine via a free radical mechanism to give .CH3

 
 
 
25 A halogenoalkane has the molecular formula C5H11Br. The halogenoalkane does not form an 

alkene when treated with ethanolic sodium hydroxide. 
 

What could be the halogenoalkane? 

A 1-bromo-2-methylbutane 

B 2-bromo-2-methylbutane 

C 3-bromopentane 

D bromodimethylpropane 
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19 Transition elements and their compounds are widely used as catalysts. 
 

What is the identity and what is the oxidation number of the element present in the catalyst used 
in the Contact process? 

 
 element oxidation number 

A iron 0 

B iron +3 

C vanadium 0 

D vanadium +5 
 
 
20 What is true of every nucleophile? 

A It attacks a double bond. 

B It donates a lone pair of electrons. 

C It is a single atom. 

D It is negatively charged. 
 
 
21 X has the molecular formula C5H12O. X has a branched carbon skeleton and a secondary alcohol 

functional group. 
 

How many structural isomers fit this description of X? 

A 1 B 2 C 3 D 4 
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22 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 
 

Q  
 

Which skeletal formula represents a structural isomer of Q? 
 

A B

C D

 
 
 
23 The conversion of propene to propan-2-ol can be carried out in two stages represented by the 

equations shown. 
 

reaction 1 CH3CH=CH2(g)  +  HI(g)  →  CH3CHICH3(l) 

reaction 2 CH3CHICH3(l)  +  KOH(aq)  →  CH3CH(OH)CH3(aq)  +  K+(aq)  +  I–(aq) 
 

How can these two reactions be described? 
 

 reaction 1 reaction 2 

A addition elimination 

B addition substitution 

C elimination substitution 

D substitution elimination 
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22 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 
 

Q  
 

Which skeletal formula represents a structural isomer of Q? 
 

A B

C D

 
 
 
23 The conversion of propene to propan-2-ol can be carried out in two stages represented by the 

equations shown. 
 

reaction 1 CH3CH=CH2(g)  +  HI(g)  →  CH3CHICH3(l) 

reaction 2 CH3CHICH3(l)  +  KOH(aq)  →  CH3CH(OH)CH3(aq)  +  K+(aq)  +  I–(aq) 
 

How can these two reactions be described? 
 

 reaction 1 reaction 2 

A addition elimination 

B addition substitution 

C elimination substitution 

D substitution elimination 
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37 2-methylpropene can react in more than one way with chlorine. 
 

One of the reactions follows the pathway shown. 
 

CH2 C

2-methylpropene

Cl 2+ → Cl –+ HCl+→

CH3

CH3

Cl CH2 C

intermediate

CH3

CH3
+

Cl CH2 C

product

CH2

CH3

 
 

Which statements about this mechanism are correct? 

1 The intermediate has all carbon atoms in the same plane. 

2 There is an electrophilic attack on the double bond. 

3 It is a free radical mechanism. 
 
 
38 The halogenoalkanes listed below all react with NaOH(aq). 
 

Which reactions proceed mainly by an SN1 mechanism? 

1 1-iodopropane 

2 2-iodo-2-methylpropane 

3 2-bromo-2-methylbutane 
 
 
39 3-oxobutanoic acid can be synthesised in a two-step process. 
 

X Y

3-oxobutanoic acid

O O

OH

 
 

What could be the structure of X? 
 

OH1

Cl O

OH
2

Br O

H
3
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20 How many structural isomers are there of trichloropropane, C3H5Cl 3? 

A 3 B 4 C 5 D 6 
 
 
21 Compound L has the molecular formula C10H16. 
 

A sample of L reacted with an excess of hot, concentrated, acidified potassium manganate(VII). 
Compound M is produced. 

 

O

O

M

O

OH
 

 
What could be the structure of compound L? 

 
A B C D

 
 
 
22 Many reactions take place in the engine and catalytic converter of a car. 
 

Which pair of substances is produced both by the reactions in a car engine and in a catalytic 
converter? 

A carbon dioxide and unburnt hydrocarbons 

B carbon dioxide and water 

C carbon monoxide and nitrogen 

D carbon monoxide and unburnt hydrocarbons 
 
 
23 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

2-bromopentane is heated with an excess of ethanolic sodium hydroxide. 
 

How many different hydrocarbons are produced? 

A 1 B 2 C 3 D 4 
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24 Bromopropane reacts with water as shown. 
 

CH3CH2CH2Br  +  H2O  →  CH3CH2CH2OH  +  HBr 
 

Which statement is correct? 

A This is an elimination reaction. 

B This is a hydrolysis reaction. 

C This is a redox reaction. 

D This reaction tends to proceed via the SN1 mechanism. 
 
 
25 Which product is formed when 3-methylpentane-1,3,4-triol is heated under reflux with an excess 

of acidified potassium dichromate(VI)? 

A HO2CCH2C(CH3)(OH)COCH3 

B HO2CCH2COC(OH)(CH3)2 

C OHCCH2C(CH3)(OH)COCH3 

D HO2CCH2CO(CH3)COCH3 
 
 
26 Menthol is a naturally occurring alcohol. 
 

OH

menthol

 
 

When menthol is heated with concentrated sulfuric acid it reacts. The products formed include 
compound T. 

 
What could be the structure of compound T? 

 
A

O

B C D
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18 At 550 °C nitrogen dioxide reacts with unburnt hydrocarbon fragments such as CH3 in the 
catalytic converter of a motor vehicle. 

 
4CH3  +  7NO2  →  3 22

1 N   +  4CO2  +  6H2O 
 

Which row gives the energy change for this reaction and a possible reason for it? 
 

 energy change 
of reaction 

reason why the reaction is endothermic 
or exothermic 

A endothermic chemical energy is converted to heat energy 

B endothermic the N≡N bond energy is very high 

C exothermic CO2 and H2O have negative         values 

D exothermic double bonds are broken in NO2 
 
 
19 Which statement is correct? 

A Ammonia reacts with alkalis to form the ammonium ion. 

B Ammonium chloride contains ionic, covalent and co-ordinate bonds. 

C The ammonium ion reacts with acids to produce ammonia. 

D The bond angle in the ammonium ion is approximately 107°. 
 
 
20 The diagrams show two different compounds. 
 

O

1

O

2  
 

What is 
 

● the total number of structural isomers, including compound 2, that could be formed 
by adding a second methyl group to the ring of compound 1, 

● the number of π electrons in each compound? 
 

 number of 
isomers 

number of 
π electrons 

A 3 2 

B 3 4 

C 5 2 

D 5 4 

49. Question | 9701 May-June 2019 P1 V1 Q22
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21 Which compound has the molecular formula C6H10O? 
 

OO

A B C D
O

OH

 
 
 
22 What is the structural formula of the major product when hydrogen bromide reacts with  

2-methylbut-2-ene? 

A CH2BrCH(CH3)CH2CH3 

B (CH3)2CBrCH2CH3 

C (CH3)2CHCHBrCH3 

D (CH3)2CHCH2CH2Br 
 
 
23 Which reaction is most likely to involve the formation of a positively charged intermediate? 

A 1-bromopentane and warm dilute NaOH(aq) 

B 1-bromo-2,2-dimethylpropane and warm dilute NaOH(aq) 

C 1-bromo-3-methylbutane and warm dilute NaOH(aq) 

D 2-bromo-2-methylbutane and warm dilute NaOH(aq) 
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25 The structure of coniine is shown. 
 

N

H

CH2CH2CH3

coniine

 
 

Coniine can be synthesised by reacting ammonia with a dibromo compound, X. 
 

NH3 + C8H16Br2 → coniine + 2HBr 

X 
 

What is the name of compound X? 

A 1,1-dibromo-2-propylcyclopentane 

B 1,2-dibromo-2-propylcyclopentane 

C 1,4-dibromooctane 

D 1,5-dibromooctane 
 
 
26 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

3-methylhexan-3-ol reacts with hot, concentrated sulfuric acid to form several isomeric 
compounds with the molecular formula C7H14. 

 

HO

3-methylhexan-3-ol

 
 

How many isomeric compounds could be formed in this reaction? 

A 3 B 4 C 5 D 6 
 
 
27 An organic compound T undergoes the following reactions. 
 

● T is oxidised by hot, acidified potassium manganate(VII). 

● T reacts with sodium to give hydrogen. 
 

What could be compound T? 

A CH3CH2CH(OH)CH3 

B CH3CH2CH2CHO 

C (CH3)3COH 

D CH3CH2COCH3 
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18 Ammonium sulfate, (NH4)2SO4, and ammonium nitrate, NH4NO3, are used as fertilisers. 
 

These salts have different percentages by mass of nitrogen. They have the same effect as each 
other on the pH of wet neutral soil. 

 
Which row is correct? 

 

 higher percentage 
of nitrogen by mass effect on pH of soil 

A ammonium nitrate decrease 

B ammonium nitrate increase 

C ammonium sulfate decrease 

D ammonium sulfate increase 
 
 
19 Which reaction gives a product that is an atmospheric pollutant causing acid rain? 

A 3Mg(s)  +  SO2(g)  →  MgS(s)  +  2MgO(s) 

B (NH4)2SO4(s)  +  Ca(OH)2(s)  →  2NH3(g)  +  CaSO4(s)  +  2H2O(l) 

C 2MnO4
–(aq)  +  5SO2(g)  +  2H2O(l)  →  2Mn2+(aq)  +  4H+(aq)  +  5SO4

2–(aq) 

D 2FeSO4(s)  →  Fe2O3(s)  +  SO2(g)  +  SO3(g) 
 
 
20 3-methylbut-1-ene can undergo different types of reaction. 
 

Cl

Cl

1 2

 
 

Which row correctly identifies the reaction types? 
 

 reaction 1 reaction 2 

A oxidation electrophilic addition 

B oxidation nucleophilic addition 

C reduction electrophilic addition 

D reduction nucleophilic addition 
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21 Compound X does not show cis-trans isomerism. 
 

What could be the identity of compound X? 

A 1,1,2-trichloropropene 

B 1,2,3-trichloropropene 

C 1-chlorobut-1-ene 

D 1-chlorobut-2-ene 
 
 
22 The diagram shows the repeat unit of an addition polymer. 
 

n

C

C2H5 CH3

CH3 C2H5

C

 
 

What is the correct name for the monomer that would form this polymer? 

A cis-1,2-diethyl-1,2-dimethylethene 

B cis-2-ethyl-3-methylpent-2-ene 

C trans-2-ethyl-3-methylpent-2-ene 

D trans-3,4-dimethylhex-3-ene 
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21 Compound X does not show cis-trans isomerism. 
 

What could be the identity of compound X? 

A 1,1,2-trichloropropene 

B 1,2,3-trichloropropene 

C 1-chlorobut-1-ene 

D 1-chlorobut-2-ene 
 
 
22 The diagram shows the repeat unit of an addition polymer. 
 

n

C

C2H5 CH3

CH3 C2H5

C

 
 

What is the correct name for the monomer that would form this polymer? 

A cis-1,2-diethyl-1,2-dimethylethene 

B cis-2-ethyl-3-methylpent-2-ene 

C trans-2-ethyl-3-methylpent-2-ene 

D trans-3,4-dimethylhex-3-ene 
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34 The manufacture of ammonia from nitrogen and hydrogen is an important industrial process. 
 

Which of the following would leave the equilibrium constant, Kp, for the formation of ammonia 
unchanged? 

1 addition of an iron catalyst 

2 addition of ammonia 

3 an increase in pressure 
 
 
35 Which reactions involving calcium and its compounds produce two gaseous products? 

1 heating solid anhydrous calcium nitrate 

2 heating solid anhydrous calcium carbonate 

3 adding calcium metal to water 
 
 
36 A small quantity of hot, concentrated sulfuric acid is added separately to solid samples of 

potassium halides, KX. 
 

Which potassium halides react and produce a mixture of products that include a halogen, X2? 

1 potassium iodide 

2 potassium bromide 

3 potassium chloride 
 
 
37 The diagram shows a compound used as a flame retardant. 
 

Br

Br

Br

Br

Br

Br  
 

Which statements about this structure are correct? 

1 The empirical formula is C2H3Br. 

2 The C12 ring is not planar. 

3 There are six chiral carbon atoms. 
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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 Halogenoalkanes can be hydrolysed using aqueous sodium hydroxide. 
 

Which compounds tend to be hydrolysed by an SN1 mechanism? 

1 CH3CH2CCl (CH3)CH2CH3 

2 CH3CH2CBr(CH3)CH2CH3 

3 CH3CH2CH(CH3)CH2CH2Br 
 
 
39 In an organic synthesis, a 62% yield of product is achieved. 
 

Which conversions are consistent with this information? 

1 74.00 g of butan-2-ol  →  44.64 g of butanone 

2 74.00 g of butan-1-ol  →  54.56 g of butanoic acid 

3 74.00 g of 2-methylpropan-1-ol  →  54.56 g of 2-methylpropanoic acid 
 
 
40 An oxidising agent that can oxidise ethanal to ethanoic acid or ethanoate ions will also oxidise 

methanoic acid, HCO2H, to carbon dioxide and water. 
 

Which reagents, on heating, will react differently with HCO2H and CH3CO2H? 

1 Na2CO3(aq) 

2 Fehling’s reagent 

3 dilute acidified KMnO4 
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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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26 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

Which isomer of C6H13OH gives the greatest number of different alkenes when it is dehydrated? 
 

A B

C D

CH3

CH3

CH3

CH CH CH2OH CH3 CH3CH2

OH

CH2 CH

CH3

CH3

OH

CH2 C CH2 CH3 CH3 CH2OH

CH3

CH3

C CH2

CH2

 
 
 
27 Compound Q reacts with 2,4-dinitrophenylhydrazine to give a precipitate. 
 

Compound Q does not produce a precipitate when warmed with Fehling’s solution. 
 

What could be the identity of compound Q? 

A CH3COCH3 

B CH2(OH)CH2CH3 

C CH3CH2CO2H 

D CH3CH2CHO 
 
 
28 Structural isomerism only should be considered when answering this question. 
 

A set of isomeric compounds, with molecular formula C5H10O, all react in a 1 : 1 ratio with an 
excess of HCN by nucleophilic addition. 

 
How many isomeric compounds are in the set? 

A 5 B 6 C 7 D 8 
 
 
29 Which pair of substances could react to give the ester CH3CH2CO2CH3? 

A ethanol and ethanoic acid 

B methanol and ethanoic acid  

C methanol and propanoic acid 

D propan-1-ol and methanoic acid 
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37 Which compounds have optical isomers? 
 

C
O

C

C

CH OH

C OH

H OH

H

H

H

H

OH

CH3

CH3 CH3

CH

OH HO C

O O

CH C OHCH

1 2 3

 
 
 
38 Bromine reacts with ethene in an addition reaction. 
 

Which statements about this reaction are correct? 

1 It is the basis of a test for unsaturation in alkenes. 

2 It leads to an increase in each of the H–C–H bond angles. 

3 A nucleophile attacks the C=C bond in ethene. 
 
 
39 An unknown organic compound Z reacts with sodium to give a combustible gas as one product. 

Z does not give a yellow precipitate with alkaline aqueous iodine. 
 

What is a possible identity of Z? 

1 ethanoic acid 

2 pentan-3-ol 

3 propan-1-ol 
 
 
40 An organic molecule X has a molecular formula of C5H10O2. Its infra-red spectrum has a strong 

peak at 1250 cm–1, a strong peak at 1720 cm–1 but no strong peak above 3100 cm–1. 
 

What could X be? 

1 ethyl propanoate 

2 methyl butanoate 

3 1-hydroxypentan-3-one 
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19 Catalytic converters are fitted in the exhaust systems of many cars. 
 

Which gas: 
 

● causes acid rain if it is released into the air 

● is removed from car exhaust fumes by a catalytic converter? 
 

A carbon dioxide 

B carbon monoxide 

C hydrocarbon vapour 

D nitrogen dioxide 
 
 
20 Which substance reacts with trichloroethene to give a chiral product? 

A Br2 B HCl C NaCN D NaOH 
 
 
21 Alkanes are saturated hydrocarbons. 
 

Which type of reaction are alkanes most likely to undergo? 

A electrophilic addition 

B electrophilic substitution 

C free radical substitution 

D nucleophilic addition 
 
 
22 An alkene reacts with hot, concentrated, acidified potassium manganate(VII) to produce a single 

organic product as shown. 
 

O O

OH

hot, concentrated,
acidified KMnO4(aq)

alkene

 
 

What is the structure of the alkene? 
 

A B C D
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19 Catalytic converters are fitted in the exhaust systems of many cars. 
 

Which gas: 
 

● causes acid rain if it is released into the air 

● is removed from car exhaust fumes by a catalytic converter? 
 

A carbon dioxide 

B carbon monoxide 

C hydrocarbon vapour 

D nitrogen dioxide 
 
 
20 Which substance reacts with trichloroethene to give a chiral product? 

A Br2 B HCl C NaCN D NaOH 
 
 
21 Alkanes are saturated hydrocarbons. 
 

Which type of reaction are alkanes most likely to undergo? 

A electrophilic addition 

B electrophilic substitution 

C free radical substitution 

D nucleophilic addition 
 
 
22 An alkene reacts with hot, concentrated, acidified potassium manganate(VII) to produce a single 

organic product as shown. 
 

O O

OH

hot, concentrated,
acidified KMnO4(aq)

alkene

 
 

What is the structure of the alkene? 
 

A B C D
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18 Which emission from an internal combustion engine contributes to the erosion of marble statues? 

A carbon monoxide 

B nitrogen 

C nitrogen dioxide 

D unburnt hydrocarbons 
 
 
19 Ammonia, carbon dioxide and water react together to form ammonium carbonate. 
 

Which statement about this reaction is correct? 

A It is a redox reaction. 

B It is an acid-base reaction. 

C The H–N–H bond angle decreases as a consequence of this reaction. 

D The three substances react in a 1 : 1 : 1 ratio in this reaction. 
 
 
20 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

How many isomers with the formula C5H10 have structures that involve π bonding? 

A 3 B 4 C 5 D 6 
 
 
21 The diagram shows the skeletal formula of phenazine. 
 

phenazine

N

N

 
 

What is the empirical formula of phenazine? 

A C6H4N B C6H6N C C12H8N2 D C12H12N2 
 
 
22 An organic compound X reacts with hot, concentrated acidified potassium manganate(VII) 

solution to give a single carbon-containing product. 
 

What could be X? 

A CH2C(CH3)2 

B CH3CHCHCH3 

C CH2CHCH2CH3 

D CH3CH2CH2CH3 
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18 Which emission from an internal combustion engine contributes to the erosion of marble statues? 

A carbon monoxide 

B nitrogen 

C nitrogen dioxide 

D unburnt hydrocarbons 
 
 
19 Ammonia, carbon dioxide and water react together to form ammonium carbonate. 
 

Which statement about this reaction is correct? 

A It is a redox reaction. 

B It is an acid-base reaction. 

C The H–N–H bond angle decreases as a consequence of this reaction. 

D The three substances react in a 1 : 1 : 1 ratio in this reaction. 
 
 
20 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

How many isomers with the formula C5H10 have structures that involve π bonding? 

A 3 B 4 C 5 D 6 
 
 
21 The diagram shows the skeletal formula of phenazine. 
 

phenazine

N

N

 
 

What is the empirical formula of phenazine? 

A C6H4N B C6H6N C C12H8N2 D C12H12N2 
 
 
22 An organic compound X reacts with hot, concentrated acidified potassium manganate(VII) 

solution to give a single carbon-containing product. 
 

What could be X? 

A CH2C(CH3)2 

B CH3CHCHCH3 

C CH2CHCH2CH3 

D CH3CH2CH2CH3 
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37 Following fractional distillation of crude oil, which processes can be used to produce propene 
from larger hydrocarbon molecules? 

1 cracking 

2 reduction 

3 polymerisation 
 
 
38 Bromoethane undergoes nucleophilic substitution reactions. 
 

Which statements are correct? 

1 Bromoethane reacts with aqueous NaOH to make ethanol. 

2 Bromoethane reacts with ethanolic NH3 to make ethylamine. 

3 Bromoethane reacts with ethanolic KCN to make ethanenitrile. 
 
 
39 Which reagents, when used in excess, can convert Y into Z? 
 

CH3CH(OH)CO2H   →   CH3CH(OH)CO2Na 

 Y Z 
 

1 Na 

2 Na2CO3 

3 NaOH 
 
 
40 Each of the compounds below is treated separately with an excess of NaBH4. 
 

The product of each reaction is then heated with an excess of concentrated H2SO4. 
 

Which compounds give only one final product with the molecular formula C7H10? 
 

1

O

O

2

O

3

O

H O H O H  
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19 Catalytic converters are fitted in the exhaust systems of many cars. 
 

Which gas: 
 

● causes acid rain if it is released into the air 

● is removed from car exhaust fumes by a catalytic converter? 
 

A carbon dioxide 

B carbon monoxide 

C hydrocarbon vapour 

D nitrogen dioxide 
 
 
20 Which substance reacts with trichloroethene to give a chiral product? 

A Br2 B HCl C NaCN D NaOH 
 
 
21 Alkanes are saturated hydrocarbons. 
 

Which type of reaction are alkanes most likely to undergo? 

A electrophilic addition 

B electrophilic substitution 

C free radical substitution 

D nucleophilic addition 
 
 
22 An alkene reacts with hot, concentrated, acidified potassium manganate(VII) to produce a single 

organic product as shown. 
 

O O

OH

hot, concentrated,
acidified KMnO4(aq)

alkene

 
 

What is the structure of the alkene? 
 

A B C D
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19 Catalytic converters are fitted in the exhaust systems of many cars. 
 

Which gas: 
 

● causes acid rain if it is released into the air 

● is removed from car exhaust fumes by a catalytic converter? 
 

A carbon dioxide 

B carbon monoxide 

C hydrocarbon vapour 

D nitrogen dioxide 
 
 
20 Which substance reacts with trichloroethene to give a chiral product? 

A Br2 B HCl C NaCN D NaOH 
 
 
21 Alkanes are saturated hydrocarbons. 
 

Which type of reaction are alkanes most likely to undergo? 

A electrophilic addition 

B electrophilic substitution 

C free radical substitution 

D nucleophilic addition 
 
 
22 An alkene reacts with hot, concentrated, acidified potassium manganate(VII) to produce a single 

organic product as shown. 
 

O O

OH

hot, concentrated,
acidified KMnO4(aq)

alkene

 
 

What is the structure of the alkene? 
 

A B C D
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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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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 Which compounds will produce a yellow precipitate with alkaline aqueous iodine? 
 

HO O

1 32

OH

OH
OH

OH  
 
 
39 Which statements apply to tetrafluoromethane? 

1 It is rapidly decomposed by ultraviolet radiation. 

2 It is less harmful to the ozone layer than dichlorodifluoromethane. 

3 It is a non-polar molecule. 
 
 
40 Which statements comparing ethene and ethane are correct? 

1 The bond angles in ethene are larger than the bond angles in ethane. 

2 Ethene reacts much more quickly with bromine in the dark than ethane does. 

3 Complete combustion of 0.01 mol of ethene or ethane produces the same volume of gas 
measured at room temperature and pressure. 
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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 Which compounds will produce a yellow precipitate with alkaline aqueous iodine? 
 

HO O

1 32

OH

OH
OH

OH  
 
 
39 Which statements apply to tetrafluoromethane? 

1 It is rapidly decomposed by ultraviolet radiation. 

2 It is less harmful to the ozone layer than dichlorodifluoromethane. 

3 It is a non-polar molecule. 
 
 
40 Which statements comparing ethene and ethane are correct? 

1 The bond angles in ethene are larger than the bond angles in ethane. 

2 Ethene reacts much more quickly with bromine in the dark than ethane does. 

3 Complete combustion of 0.01 mol of ethene or ethane produces the same volume of gas 
measured at room temperature and pressure. 
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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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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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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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30 The diagram shows the structure of buta-1,3-diene. 
 

C
C

HC
C

H

H

H H

H

buta-1,3-diene

 
 

The addition reaction between buta-1,3-diene and two molecules of hydrogen bromide can 
produce three structurally isomeric products. 

 
How many of these products have at least one chiral centre? 

A 0 B 1 C 2 D 3 
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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 Scientists are trying to synthesise a new element with proton number 119. The element is 

predicted to be a Group 1 element in Period 8 of the Periodic Table. 
 

Which predictions are likely to be correct about this element? 

1 The outermost occupied orbital of one atom of this element will be an s orbital. 

2 The atomic radius will be the largest of the seven elements in Group 1. 

3 It will have a greater first ionisation energy than element 118. 
 
 
32 Which reactions would have the reaction profile shown? 
 

energy

progress of reaction  
 

1 NaOH  +  HCl  →  NaCl  +  H2O 

2 CaCO3  →  CaO  +  CO2 

3 2MgO  →  2Mg  +  O2 
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16 Nitrogen oxides are removed from the exhaust gases of internal combustion engines by the 
action of a catalyst in a catalytic converter. 

 
Which row is correct? 

 

 change in oxidation 
number of nitrogen type of catalyst 

A decrease heterogeneous 

B decrease homogeneous 

C increase heterogeneous 

D increase homogeneous 
 
 
17 The addition of aqueous silver nitrate to aqueous barium chloride produces a white precipitate 

which dissolves in an excess of dilute aqueous ammonia to form a colourless solution. 
 

The addition of an excess of dilute nitric acid to the colourless solution produces a white 
precipitate, Z. 

 
What is Z? 

A AgCl B BaCl 2 C Ba(NO3)2 D NH4NO3 
 
 
18 Which property shows an increase from calcium to barium going down Group 2? 

A the ease of decomposition of the carbonates 

B the solubility of the hydroxides 

C the solubility of the sulfates 

D the volume of hydrogen given off when 1 g of the metal reacts with water 
 
 
19 Element X is in Period 3. It reacts rapidly with water to form an alkaline solution. 
 

Which statement about the chloride of element X is correct? 

A It conducts electricity when molten. 

B It has a melting point of less than 100 °C. 

C It has covalent bonding. 

D It reacts rapidly with cold water. 
 
 
20 Structural and stereoisomerism should be considered when answering this question. 
 

When trans-pent-2-ene reacts with HBr, how many different products can form? 

A 1 B 2 C 3 D 4 
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27 1,2-dibromopropane can be made from 1-bromopropane in two steps. 
 

Which row is correct? 
 

 step 1 step 2 

A addition substitution 

B elimination addition 

C hydrolysis elimination 

D substitution hydrolysis 
 
 
28 2-methylbut-2-ene reacts with HBr(g) to form two isomeric products. During the reaction two 

positively charged intermediates can be made. 
 

Which diagram shows the more stable of the two positively charged intermediates? 
 

Br
A

+

B

+ Br

C

+

D

+

 
 
 
29 The ester ethyl methanoate is prepared in a school laboratory by reacting a carboxylic acid with 

an alcohol. 
 

During the reaction, only 50.0% of the alcohol is converted into the ester. 
 

Which mass of alcohol is needed to prepare 10.0 g of the ester? 

A 3.11 g B 8.65 g C 12.4 g D 32.2 g 
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27 1,2-dibromopropane can be made from 1-bromopropane in two steps. 
 

Which row is correct? 
 

 step 1 step 2 

A addition substitution 

B elimination addition 

C hydrolysis elimination 

D substitution hydrolysis 
 
 
28 2-methylbut-2-ene reacts with HBr(g) to form two isomeric products. During the reaction two 

positively charged intermediates can be made. 
 

Which diagram shows the more stable of the two positively charged intermediates? 
 

Br
A

+

B

+ Br

C

+

D

+

 
 
 
29 The ester ethyl methanoate is prepared in a school laboratory by reacting a carboxylic acid with 

an alcohol. 
 

During the reaction, only 50.0% of the alcohol is converted into the ester. 
 

Which mass of alcohol is needed to prepare 10.0 g of the ester? 

A 3.11 g B 8.65 g C 12.4 g D 32.2 g 
 
 

75. Question | 9701 Oct-Nov 2020 P1 V1 Q21

7  
 

© UCLES 2020 9701/11/O/N/20 [Turn over 

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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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. 
 
 
37 The structure of compound R is shown. 
 

O

O

compound R

OH

 
 

Which statements about compound R are correct? 

1 It has an Mr of 116. 

2 It contains two groups that show strong absorptions between 1640 and 1740 cm–1 in its  
infrared spectrum. 

3 Its only infrared absorption between 2500 and 3000 cm–1 is sharp and strong. 
 
 
38 During the bromination of methane, the free radical CH3• is generated. A possible termination 

step of this reaction is the formation of C2H6 by the combination of two free radicals. 
 

What could be produced in a termination step during the bromination of propane? 

1 CH3CH2CH(CH3)CH2CH3 

2 CH3CH(CH3)CH(CH3)2 

3 CH3CH2CH2CH(CH3)2 
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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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27 How many structural isomers are there of molecular formula C5H10O that give a red precipitate 
with Fehling’s solution? 

A 1 B 2 C 3 D 4 
 
 
28 Which statement about the use of alkane fuels in internal combustion engines is correct? 

A C8H18 is used as fuel in internal combustion engines and reacts with oxygen and nitrogen 
from the air. 

B In limited oxygen, CO is produced which oxidises SO2 to SO3 in the atmosphere. 

C The catalytic converter removes polluting gases including NO2 and CO2. 

D Unburnt hydrocarbons and NO2 can react in sunlight to produce photochemical smog. 
 
 
29 Compound Z is shown. 
 

HO

HO

OH

O

O

CO2H

compound Z

 
 

What is produced in good yield when compound Z is treated with an excess of sodium carbonate 
solution at room temperature? 

 

HO

HO

OH

O

CO2Na

A

O

NaO

NaO

ONa

O

CO2Na

B

O

NaO

NaO

ONa

O

CO2H

C

O

HO

HO

OH

OH

+

CO2Na

D

HO

O
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36 Which statements are correct? 

1 The empirical formula of silicon(IV) oxide is SiO2. 

2 The molecular formula of phosphorus(V) oxide is P2O5. 

3 Silicon(IV) oxide and phosphorus(V) oxide are both simple molecular compounds. 
 
 
37 Which reagents could be used, under suitable conditions, to oxidise CH3CH2CH2OH to 

CH3CH2CHO? 

1 acidified potassium manganate(VII) 

2 acidified potassium dichromate(VI) 

3 Tollens’ reagent 
 
 
38 Which free radicals can be generated during a free-radical substitution reaction between chlorine 

and ethane? 

1 CH3• 

2 CH2Cl CH2• 

3 CH3CCl 2• 
 
 
39 Which substances have molecular formula C4H8O? 
 

O

OH

O
1

2

3
 

 
 
40 Which reactions produce pentanoic acid? 

1 CH3CH2CH2CH(OH)CH3  +  H+
 / MnO4

–(aq) 

2 CH3OCO(CH2)3CH3  +  HCl (aq) 

3 CH3(CH2)3CN  +  H2SO4(aq) 
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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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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. 
 
 
37 The structure of compound R is shown. 
 

O

O

compound R

OH

 
 

Which statements about compound R are correct? 

1 It has an Mr of 116. 

2 It contains two groups that show strong absorptions between 1640 and 1740 cm–1 in its  
infrared spectrum. 

3 Its only infrared absorption between 2500 and 3000 cm–1 is sharp and strong. 
 
 
38 During the bromination of methane, the free radical CH3• is generated. A possible termination 

step of this reaction is the formation of C2H6 by the combination of two free radicals. 
 

What could be produced in a termination step during the bromination of propane? 

1 CH3CH2CH(CH3)CH2CH3 

2 CH3CH(CH3)CH(CH3)2 

3 CH3CH2CH2CH(CH3)2 
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20 The structures of citric acid and isocitric acid are shown. 
 

CH2CO2H CH2CO2H

CHCO2H

CH2CO2H

C(OH)CO2H

CH(OH)CO2H

citric acid isocitric acid

 
 

How many chiral centres does each acid possess? 
 

 citric acid isocitric acid 

A 1 1 

B 1 2 

C 0 1 

D 0 2 
 
 
21 How many tertiary alcohols have the molecular formula C6H14O? 

A 1 B 2 C 3 D 4 
 
 
22 The diagram shows the structure of a bromo compound that may be formed by the reaction of 

bromine with a hydrocarbon. 
 

C CH3H3C

CH2Br

CH2Br  
 

Which row is correct? 
 

 type of reaction mechanism 

A addition electrophilic 

B addition nucleophilic 

C substitution nucleophilic 

D substitution free-radical 
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20 Bromoethane reacts with cyanide ions, producing propanenitrile. 
 

Which statement about the SN2 mechanism of this reaction is correct? 

A The lone pair of electrons on C of CN– attacks the carbon atom of the C–Br bond. 

B The lone pair of electrons on C of CN– attacks the carbocation formed when the C–Br bond 
breaks. 

C The lone pair of electrons on N of CN– attacks the carbon atom of the C–Br bond. 

D The lone pair of electrons on N of CN– attacks the carbocation formed when the C–Br bond 
breaks. 

 
 
21 Which compound would produce two different carboxylic acids when treated with hot, 

concentrated, acidified manganate(VII) ions? 
 

A B C D

 
 
 
22 Which compound could show both cis-trans isomerism and optical isomerism? 
 

A B C D

C

H

Br

Br

Br

H

C

C

Cl

Br

H

H

Br

I

C

C

C

Cl

C

O

H

C

C CBr

Br

Br

Cl

Cl

H

H

Br

C

C

C I

Br

Cl

 
 
 
23 Limonene is a hydrocarbon found in the rind of citrus fruits. 
 

limonene

 
 

What is the molecular formula of limonene? 

A C10H12 B C10H14 C C10H16 D C10H18 
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20 Bromoethane reacts with cyanide ions, producing propanenitrile. 
 

Which statement about the SN2 mechanism of this reaction is correct? 

A The lone pair of electrons on C of CN– attacks the carbon atom of the C–Br bond. 

B The lone pair of electrons on C of CN– attacks the carbocation formed when the C–Br bond 
breaks. 

C The lone pair of electrons on N of CN– attacks the carbon atom of the C–Br bond. 

D The lone pair of electrons on N of CN– attacks the carbocation formed when the C–Br bond 
breaks. 

 
 
21 Which compound would produce two different carboxylic acids when treated with hot, 

concentrated, acidified manganate(VII) ions? 
 

A B C D

 
 
 
22 Which compound could show both cis-trans isomerism and optical isomerism? 
 

A B C D

C

H

Br

Br

Br

H

C

C

Cl

Br

H

H

Br

I

C

C

C

Cl

C

O

H

C

C CBr

Br

Br

Cl

Cl

H

H

Br

C

C

C I

Br

Cl

 
 
 
23 Limonene is a hydrocarbon found in the rind of citrus fruits. 
 

limonene

 
 

What is the molecular formula of limonene? 

A C10H12 B C10H14 C C10H16 D C10H18 
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29 The table describes four reactions of propene. 
 

Which row is correct? 
 

 reagent used name of main 
organic product 

A aqueous bromine 2-bromopropane 

B cold acidified aqueous potassium manganate(VII) propane-1,3-diol 

C hydrogen chloride 2-chloropropane 

D steam propan-1-ol 
 
 
30 Butanoic acid is prepared from 1-bromopropane. 
 

This synthesis requires a sequence of two reactions. 
 

Which compound is prepared in the first stage of the synthesis? 

A 1-aminopropane 

B propan-1-ol 

C butanal 

D butanenitrile 
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19 Ammonia gas, NH3, and hydrogen sulfide gas, H2S, react together to form the salt ammonium 
sulfide, (NH4)2S. Ammonium sulfide dissolves in water to produce an orange alkaline solution. 

 
(NH4)2S(aq)    NH3(aq)  +  NH4SH(aq) 

 
The addition of NaOH(aq) to this solution produces a gas, X. 
The addition of HCl (aq) to a separate portion of this solution produces a gas, Y. 

 
X and Y could represent different gases or identical gases. 

 
What are the identities of X and Y? 

 
 X Y 

A H2S H2S 

B H2S NH3 

C NH3 H2S 

D NH3 NH3 
 
 
20 Compound P is treated with an excess of hydrogen gas in the presence of a nickel catalyst. The 

product Q is fully saturated. 
 

compound P

 
 

What is the number of chiral carbon atoms in the product Q? 

A 4 B 5 C 6 D 7 
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23 Methane and bromine react by free radical substitution. 
 

P and Q are involved in the reaction mechanism. 
 

P and Q: 
 

● are both involved in propagation steps as reactants 

● are both involved in termination steps as reactants. 
 

What could be P and Q? 

A Br and H B Br and CH3 C Br and C2H6 D CH3 and CH3Br 
 
 
24 A few drops of 2-bromopropane were placed in a test-tube. An equal volume of aqueous 

silver nitrate was added. A precipitate was formed. 
 

The experiment was repeated with 2-iodopropane. 
 

Which row is correct? 
 

 colour of precipitate from 
2-bromopropane + AgNO3(aq) faster rate of reaction 

A cream 2-bromopropane + AgNO3(aq) 

B yellow 2-bromopropane + AgNO3(aq) 

C cream 2-iodopropane + AgNO3(aq) 

D yellow 2-iodopropane + AgNO3(aq) 
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25 Sodium methoxide, Na+CH3O–, reacts with 2-chloro-2-methylpropane in a nucleophilic 
substitution reaction. The nucleophile is the CH3O– ion. 

 
Which row is correct? 

 

 intermediate or 
transition state product 

A (CH3)3C+ (CH3)3COCH3 

B (CH3)3C+ (CH3)3CCH2OH 

C H3CO

H3C

CH3

CH3
–

C Cl

 

HOCH2C(CH3)3 

D H3CO

H3C

CH3

CH3
–

C Cl

 

H3COC(CH3)3 

 
 
26 Alcohol X reacts with concentrated sulfuric acid to produce a mixture of products. 
 

Two of the products are structural isomers of each other. 
 

What could be X? 

A hexan-2-ol 

B pentan-1-ol 

C pentan-3-ol 

D propan-2-ol 
 
 
27 Which reaction will form a strong organic base? 

A ethanol and acidified sodium dichromate 

B ethanol and hot aluminium oxide 

C ethanol and sodium 

D ethanol and hydrogen chloride 
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18 A solid, X, was placed in an excess of the liquid Y. 
 

A colourless gas was given off and a white precipitate was seen. The precipitate was not X. 
 

What could be the identities of X and Y? 
 

 X Y 

A BaCO3 H2O 

B Ca dilute H2SO4 

C Mg dilute H2SO4 

D SrCO3 dilute HCl 
 
 
19 Two oxides of Period 3 elements are added separately to water. Both react to form colourless 

solutions. One solution is alkaline, the other is acidic. 
 

What could be the two oxides? 

A Al 2O3 and SiO2 

B Al 2O3 and P4O10 

C Na2O and P4O10 

D Na2O and SiO2 
 
 
20 Which compound shows stereoisomerism? 

A 2-methylbut-2-ene 

B 2-chloropropan-1-ol 

C difluorochlorobromomethane 

D pent-1-ene 
 
 
21 Two carbon-containing products result from the reaction of alkene Z with a hot, concentrated, 

acidified solution of potassium manganate(VII). 
 

One product forms an orange precipitate with 2,4-dinitrophenylhydrazine reagent. The other 
product is a gas which gives a white precipitate with aqueous calcium hydroxide. 

 
Which alkene could be alkene Z? 

A but-2-ene 

B 2-methylpropene 

C 2-methylbut-2-ene 

D propene 
 
 

90. Question | 9701 May-June 2021 P1 V3 Q21

7  
 

© UCLES 2021 9701/13/M/J/21 [Turn over 

18 A solid, X, was placed in an excess of the liquid Y. 
 

A colourless gas was given off and a white precipitate was seen. The precipitate was not X. 
 

What could be the identities of X and Y? 
 

 X Y 

A BaCO3 H2O 

B Ca dilute H2SO4 

C Mg dilute H2SO4 

D SrCO3 dilute HCl 
 
 
19 Two oxides of Period 3 elements are added separately to water. Both react to form colourless 

solutions. One solution is alkaline, the other is acidic. 
 

What could be the two oxides? 

A Al 2O3 and SiO2 

B Al 2O3 and P4O10 

C Na2O and P4O10 

D Na2O and SiO2 
 
 
20 Which compound shows stereoisomerism? 

A 2-methylbut-2-ene 

B 2-chloropropan-1-ol 

C difluorochlorobromomethane 

D pent-1-ene 
 
 
21 Two carbon-containing products result from the reaction of alkene Z with a hot, concentrated, 

acidified solution of potassium manganate(VII). 
 

One product forms an orange precipitate with 2,4-dinitrophenylhydrazine reagent. The other 
product is a gas which gives a white precipitate with aqueous calcium hydroxide. 

 
Which alkene could be alkene Z? 

A but-2-ene 

B 2-methylpropene 

C 2-methylbut-2-ene 

D propene 
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22 What is the correct mechanism for the addition of hydrogen bromide to ethene? 
 

A

�–

�+

B

C

H–

D

C C

H

H

H

H

H C

H

C+

C+

C+

C+

Br

H

H

H C

H

C Br

H

HH
Br

H

�–

�+

Br–
C C

H

H

H

H

H C

H H

HH

H C

H

C Br

H

HH

Br

H

�–

�+

H–
C C

H

H

H

H

H C

H

Br

H

H

H C

H

C Br

H

HH
Br

H

�+

�–

Br–
C C

H

H

H

H

H C

H H

HH

H C

H

C Br

H

HH

Br

H

 
 
 
23 Halogenoalkanes react with nucleophiles such as OH–. 
 

Which pair of halogenoalkanes both react via an SN1 mechanism? 
 

Br Cl
and

A

Br

Br

Cl

ClBr

and

B

and

C
Br

and

D
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18 Which row is correct? 
 

 
shape bonds present 

ammonia 
molecule 

ammonium 
ion 

ammonia 
molecule 

ammonium 
ion 

A pyramidal regular tetrahedral   

B pyramidal regular tetrahedral   

C regular tetrahedral pyramidal   

D regular tetrahedral pyramidal   
 
 
19 The table describes two possible environmental consequences of adding too much ammonium 

nitrate fertiliser to the soil. 
 

Which row is correct? 
 

 increased plant 
growth in rivers 

photochemical 
smog 

A   

B   

C   

D   
 
 
20 Hex-2-ene can be made by the reaction shown. 
 

+ I–

HOO–
H

I  
 

Which statement about this reaction is correct? 

A (CH3)3CO– is behaving as a Brønsted-Lowry base. 

B (CH3)3CO– is behaving as an oxidising agent. 

C The C–I bond breaks via homolytic fission. 

D This is a hydrolysis reaction. 
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21 Structural isomerism only should be considered when answering this question. 
 

Molecule X contains three C=C double bonds. One mole of X is reacted with three moles of HBr. 
The carbon skeleton is unchanged. 

 
molecule X

 
 

How many different products are formed? 

A 3 B 4 C 6 D 8 
 
 
22 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

A colourless liquid, C5H11Cl , exists as a mixture of two optical isomers. 
 

When heated with sodium hydroxide in ethanol, a mixture of only two alkenes is formed. 
 

What could the colourless liquid be? 

A (CH3CH2)2CHCl 

B CH3CH2CH2CHCl CH3 

C CH3CH2CCl (CH3)2 

D (CH3)2CHCHCl CH3 
 
 
23 When 2-bromo-2-methylpropane reacts with aqueous sodium hydroxide, an alcohol is formed. 
 

Which diagram describes the first step in the reaction mechanism? 
 

CH3

CH3

BrH3C C

A

�+ �–

CH3

CH3

BrH3C C

B

�+ �–

C

CH3

CH3HO
–

BrH3C C

C

�+ �–

CH3

CH3

BrH3C

D

�+ �–

•• HO
–••  
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34 Which molecules contain at least one unpaired electron? 

1 NO 

2 NO2 

3 NH3 
 
 
35 Which elements form a chloride in which both covalent bonding and coordinate (dative covalent) 

bonding are present? 

1 Al 

2 Si 

3 Mg 
 
 
36 Which statements about calcium oxide are correct? 

1 It can be reduced by heating with magnesium. 

2 It is produced when calcium nitrate is heated. 

3 It reacts with cold water. 
 
 
37 A diketo acid is a compound with two ketone groups and one carboxylic acid group. 
 

limonene terpinolene

 
 

Which statements about the reactions of limonene and terpinolene are correct? 

1 When reacted with an excess of hydrogen and a nickel catalyst, limonene and terpinolene 
produce the same compound. 

2 An excess of hot concentrated acidified KMnO4 reacts with limonene and with terpinolene to 
form different diketo acids. 

3 The reactions of limonene and terpinolene with an excess of Br2 produce positional isomers 
with the same number of chiral carbon atoms. 
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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 One molecule of dodecane, C12H26, is cracked, producing three product molecules, X, Y and Z. 
 

X is a straight chain alkane. Y and Z are straight chain alkenes with different Mr values. 
 

Which statements about X, Y and Z are correct? 

1 If Y and Z are but-1-ene and ethene respectively, X will be hexane. 

2 If X is butane, then Y and Z could both show cis-trans isomerism. 

3 X could be octane. 
 
 
39 Which statements about chlorofluoroalkanes are correct? 

1 Both the C–Cl and C–F bonds are readily dissociated by ultra-violet light. 

2 They have caused ozone depletion. 

3 They are relatively chemically inert. 
 
 
40 Which reactions of propan-1-ol have water as one of the products? 

1 passing propan-1-ol vapour over hot Al 2O3 

2 mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated sulfuric acid 

3 warming propan-1-ol with HBr 
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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 One molecule of dodecane, C12H26, is cracked, producing three product molecules, X, Y and Z. 
 

X is a straight chain alkane. Y and Z are straight chain alkenes with different Mr values. 
 

Which statements about X, Y and Z are correct? 

1 If Y and Z are but-1-ene and ethene respectively, X will be hexane. 

2 If X is butane, then Y and Z could both show cis-trans isomerism. 

3 X could be octane. 
 
 
39 Which statements about chlorofluoroalkanes are correct? 

1 Both the C–Cl and C–F bonds are readily dissociated by ultra-violet light. 

2 They have caused ozone depletion. 

3 They are relatively chemically inert. 
 
 
40 Which reactions of propan-1-ol have water as one of the products? 

1 passing propan-1-ol vapour over hot Al 2O3 

2 mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated sulfuric acid 

3 warming propan-1-ol with HBr 
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22 Structural and stereoisomerism should be taken into account when answering this question. 
 

Y is a gaseous hydrocarbon which decolourises aqueous bromine. It contains no rings. 
 

10.0 g of Y occupies a volume of 3.43 dm3 under room conditions. 
 

How many isomeric structures are possible for Y? 

A 4 B 5 C 6 D 7 
 
 
23 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H5Cl  +  Cl •    C2H4Cl •  +  HCl 

B C2H6  +  Cl •    C2H5Cl  +  H• 

C C2H5Cl  +  H•    C2H5•  +  HCl 

D C2H5•  +  Cl •    C2H5Cl 
 
 
24 Butanoic acid can be made from 1-bromopropane in two stages. 
 

stage 1 CH3CH2CH2Br    CH3CH2CH2CN 

stage 2 CH3CH2CH2CN    CH3CH2CH2CO2H 
 

Which types of reaction are stage 1 and stage 2? 
 

 stage 1 stage 2 

A electrophilic addition hydrolysis 

B electrophilic addition oxidation 

C nucleophilic substitution hydrolysis 

D nucleophilic substitution oxidation 
 
 
25 A halogenoalkane has the molecular formula C5H11Br. The halogenoalkane does not form an 

alkene when treated with ethanolic sodium hydroxide. 
 

What could be the halogenoalkane? 

A 1-bromo-2-methylbutane 

B 2-bromo-2-methylbutane 

C 3-bromopentane 

D 1-bromo-2,2-dimethylpropane 
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22 Structural and stereoisomerism should be taken into account when answering this question. 
 

Y is a gaseous hydrocarbon which decolourises aqueous bromine. It contains no rings. 
 

10.0 g of Y occupies a volume of 3.43 dm3 under room conditions. 
 

How many isomeric structures are possible for Y? 

A 4 B 5 C 6 D 7 
 
 
23 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H5Cl  +  Cl •    C2H4Cl •  +  HCl 

B C2H6  +  Cl •    C2H5Cl  +  H• 

C C2H5Cl  +  H•    C2H5•  +  HCl 

D C2H5•  +  Cl •    C2H5Cl 
 
 
24 Butanoic acid can be made from 1-bromopropane in two stages. 
 

stage 1 CH3CH2CH2Br    CH3CH2CH2CN 

stage 2 CH3CH2CH2CN    CH3CH2CH2CO2H 
 

Which types of reaction are stage 1 and stage 2? 
 

 stage 1 stage 2 

A electrophilic addition hydrolysis 

B electrophilic addition oxidation 

C nucleophilic substitution hydrolysis 

D nucleophilic substitution oxidation 
 
 
25 A halogenoalkane has the molecular formula C5H11Br. The halogenoalkane does not form an 

alkene when treated with ethanolic sodium hydroxide. 
 

What could be the halogenoalkane? 

A 1-bromo-2-methylbutane 

B 2-bromo-2-methylbutane 

C 3-bromopentane 

D 1-bromo-2,2-dimethylpropane 
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18 Which row is correct? 
 

 
shape bonds present 

ammonia 
molecule 

ammonium 
ion 

ammonia 
molecule 

ammonium 
ion 

A pyramidal regular tetrahedral   

B pyramidal regular tetrahedral   

C regular tetrahedral pyramidal   

D regular tetrahedral pyramidal   
 
 
19 The table describes two possible environmental consequences of adding too much ammonium 

nitrate fertiliser to the soil. 
 

Which row is correct? 
 

 increased plant 
growth in rivers 

photochemical 
smog 

A   

B   

C   

D   
 
 
20 Hex-2-ene can be made by the reaction shown. 
 

+ I–

HOO–
H

I  
 

Which statement about this reaction is correct? 

A (CH3)3CO– is behaving as a Brønsted-Lowry base. 

B (CH3)3CO– is behaving as an oxidising agent. 

C The C–I bond breaks via homolytic fission. 

D This is a hydrolysis reaction. 
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21 Structural isomerism only should be considered when answering this question. 
 

Molecule X contains three C=C double bonds. One mole of X is reacted with three moles of HBr. 
The carbon skeleton is unchanged. 

 
molecule X

 
 

How many different products are formed? 

A 3 B 4 C 6 D 8 
 
 
22 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

A colourless liquid, C5H11Cl , exists as a mixture of two optical isomers. 
 

When heated with sodium hydroxide in ethanol, a mixture of only two alkenes is formed. 
 

What could the colourless liquid be? 

A (CH3CH2)2CHCl 

B CH3CH2CH2CHCl CH3 

C CH3CH2CCl (CH3)2 

D (CH3)2CHCHCl CH3 
 
 
23 When 2-bromo-2-methylpropane reacts with aqueous sodium hydroxide, an alcohol is formed. 
 

Which diagram describes the first step in the reaction mechanism? 
 

CH3

CH3

BrH3C C

A

�+ �–

CH3

CH3

BrH3C C

B

�+ �–

C

CH3

CH3HO
–

BrH3C C

C

�+ �–

CH3

CH3

BrH3C

D

�+ �–

•• HO
–••  
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34 Which molecules contain at least one unpaired electron? 

1 NO 

2 NO2 

3 NH3 
 
 
35 Which elements form a chloride in which both covalent bonding and coordinate (dative covalent) 

bonding are present? 

1 Al 

2 Si 

3 Mg 
 
 
36 Which statements about calcium oxide are correct? 

1 It can be reduced by heating with magnesium. 

2 It is produced when calcium nitrate is heated. 

3 It reacts with cold water. 
 
 
37 A diketo acid is a compound with two ketone groups and one carboxylic acid group. 
 

limonene terpinolene

 
 

Which statements about the reactions of limonene and terpinolene are correct? 

1 When reacted with an excess of hydrogen and a nickel catalyst, limonene and terpinolene 
produce the same compound. 

2 An excess of hot concentrated acidified KMnO4 reacts with limonene and with terpinolene to 
form different diketo acids. 

3 The reactions of limonene and terpinolene with an excess of Br2 produce positional isomers 
with the same number of chiral carbon atoms. 
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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 One molecule of dodecane, C12H26, is cracked, producing three product molecules, X, Y and Z. 
 

X is a straight chain alkane. Y and Z are straight chain alkenes with different Mr values. 
 

Which statements about X, Y and Z are correct? 

1 If Y and Z are but-1-ene and ethene respectively, X will be hexane. 

2 If X is butane, then Y and Z could both show cis-trans isomerism. 

3 X could be octane. 
 
 
39 Which statements about chlorofluoroalkanes are correct? 

1 Both the C–Cl and C–F bonds are readily dissociated by ultra-violet light. 

2 They have caused ozone depletion. 

3 They are relatively chemically inert. 
 
 
40 Which reactions of propan-1-ol have water as one of the products? 

1 passing propan-1-ol vapour over hot Al 2O3 

2 mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated sulfuric acid 

3 warming propan-1-ol with HBr 
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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 One molecule of dodecane, C12H26, is cracked, producing three product molecules, X, Y and Z. 
 

X is a straight chain alkane. Y and Z are straight chain alkenes with different Mr values. 
 

Which statements about X, Y and Z are correct? 

1 If Y and Z are but-1-ene and ethene respectively, X will be hexane. 

2 If X is butane, then Y and Z could both show cis-trans isomerism. 

3 X could be octane. 
 
 
39 Which statements about chlorofluoroalkanes are correct? 

1 Both the C–Cl and C–F bonds are readily dissociated by ultra-violet light. 

2 They have caused ozone depletion. 

3 They are relatively chemically inert. 
 
 
40 Which reactions of propan-1-ol have water as one of the products? 

1 passing propan-1-ol vapour over hot Al 2O3 

2 mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated sulfuric acid 

3 warming propan-1-ol with HBr 
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24 The product of the Contact process is Z. 
 

Which reaction or process leads to the formation of a gas that can neutralise an aqueous solution 
of Z? 

A atmospheric lightning 

B combustion of fuel in an internal combustion engine 

C the Haber process 

D thermal decomposition of Group 2 nitrates 
 
 
25 When ammonia, NH3, is dissolved in water, a small concentration of ammonium ions, NH4

+, is 
formed. 

 
Which row is correct? 

 

 
number of 

electrons in one 
ammonium ion 

change of the H–N–H 
angle from ammonia 
to the ammonium ion 

A 8 decreases 

B 8 increases 

C 10 decreases 

D 10 increases 
 
 
26 In this question, alkenes and cyclic alkanes should be considered. 
 

How many structural isomers of C4H8 are there? 

A 3 B 4 C 5 D 6 
 
 
27 Which compound will decolourise Br2(aq)? 

A CH3CH2CH2CH2CH2CO2H 

B CH3CH2CH2CH2CH2CHO 

C CH3CHCHCH2CH2CH2OH 

D CH3CH2CH2CO2CH2CH3 
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24 The product of the Contact process is Z. 
 

Which reaction or process leads to the formation of a gas that can neutralise an aqueous solution 
of Z? 

A atmospheric lightning 

B combustion of fuel in an internal combustion engine 

C the Haber process 

D thermal decomposition of Group 2 nitrates 
 
 
25 When ammonia, NH3, is dissolved in water, a small concentration of ammonium ions, NH4

+, is 
formed. 

 
Which row is correct? 

 

 
number of 

electrons in one 
ammonium ion 

change of the H–N–H 
angle from ammonia 
to the ammonium ion 

A 8 decreases 

B 8 increases 

C 10 decreases 

D 10 increases 
 
 
26 In this question, alkenes and cyclic alkanes should be considered. 
 

How many structural isomers of C4H8 are there? 

A 3 B 4 C 5 D 6 
 
 
27 Which compound will decolourise Br2(aq)? 

A CH3CH2CH2CH2CH2CO2H 

B CH3CH2CH2CH2CH2CHO 

C CH3CHCHCH2CH2CH2OH 

D CH3CH2CH2CO2CH2CH3 
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28 Alkenes react with aqueous hydrogen bromide. The reaction proceeds via an intermediate 
carbocation. The more stable the intermediate, the faster the reaction. 

 
Which sequence correctly shows an increase in the speed of reaction of the alkenes with 
hydrogen bromide? 

A ethene, propene, 2-methylpropene 

B 2-methylpropene, ethene, propene 

C propene, ethene, 2-methylpropene 

D propene, 2-methylpropene, ethene 
 
 
29 A reaction occurs when a sample of 1-chloropropane is heated under reflux with 

sodium hydroxide dissolved in ethanol. 
 

Which row is correct? 
 

 type of reaction name of product 

A elimination propan-1-ol 

B elimination propene 

C substitution propan-1-ol 

D substitution propene 
 
 
30 The diagram shows the structures of three halogenoalkanes. 
 

CH3

CH3

CH3

C

P

Br H

H

H

C

R

ClH

H

H

C

Q

Br

 
 

P, Q and R can all be hydrolysed. 
 

Which row is correct? 
 

 
relative speed 
of hydrolysis 

mechanism 
of hydrolysis 

Q R P Q 

A fast slow SN1 SN2 

B fast slow SN2 SN1 

C slow fast SN1 SN2 

D slow fast SN2 SN1 
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28 Alkenes react with aqueous hydrogen bromide. The reaction proceeds via an intermediate 
carbocation. The more stable the intermediate, the faster the reaction. 

 
Which sequence correctly shows an increase in the speed of reaction of the alkenes with 
hydrogen bromide? 

A ethene, propene, 2-methylpropene 

B 2-methylpropene, ethene, propene 

C propene, ethene, 2-methylpropene 

D propene, 2-methylpropene, ethene 
 
 
29 A reaction occurs when a sample of 1-chloropropane is heated under reflux with 

sodium hydroxide dissolved in ethanol. 
 

Which row is correct? 
 

 type of reaction name of product 

A elimination propan-1-ol 

B elimination propene 

C substitution propan-1-ol 

D substitution propene 
 
 
30 The diagram shows the structures of three halogenoalkanes. 
 

CH3

CH3

CH3

C

P

Br H

H

H

C

R

ClH

H

H

C

Q

Br

 
 

P, Q and R can all be hydrolysed. 
 

Which row is correct? 
 

 
relative speed 
of hydrolysis 

mechanism 
of hydrolysis 

Q R P Q 

A fast slow SN1 SN2 

B fast slow SN2 SN1 

C slow fast SN1 SN2 

D slow fast SN2 SN1 
 
 

106. Question | 9701 Feb-March 2022 P1 V2 Q36

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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38 Compound Y is heated with a mild oxidising agent. One of the products of the reaction reacts with 
hydrogen cyanide forming 2-hydroxybutanenitrile. 

 
What is compound Y? 

A butan-1-ol 

B butan-2-ol 

C propan-1-ol 

D propan-2-ol 
 
 
39 The diagrams show the structures of lycopene and -carotene. 
 

CH3 CH3

CH3

CH3 CH3

CH3 CH3
CH3 CH3

CH3

lycopene

CH3 CH3

CH3

CH3 CH3

CH3 CH3
CH3 CH3

CH3

β-carotene

 
 

When lycopene is converted into -carotene, what is the gain or loss of hydrogen atoms per 
molecule? 

A 4 gained 

B 2 gained 

C no change 

D 2 lost 
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30 Oct-1-ene, CH3(CH2)5CH=CH2, can be thermally cracked. 
 

Which of the compounds W, X, Y and Z can be obtained by thermally cracking oct-1-ene? 
 
 W X Y Z 

 CH2=CH2 CH3CH=CH2 CH3CH2CH3 CH2=CHCH=CH2 
 

A W, X, Y and Z 

B W, X and Y only 

C W, X and Z only 

D W and X only 
 
 
31 Structural isomerism and stereoisomerism should be taken into account when answering this 

question. 
 

How many isomeric alkenes with formula C5H8 are present in the mixture produced when 
1,4-dibromopentane is reacted with NaOH in ethanol? 

A 1 B 2 C 3 D 4 
 
 
32 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

 
 
 
33 17.6 g of pentan-1-ol is completely combusted. 
 

Which volume of gaseous products is formed when measured at s.t.p.? 

A 22.4 dm3 B 24.0 dm3 C 49.3 dm3 D 52.8 dm3 
 
 

109. Question | 9701 May-June 2022 P1 V2 Q29

10 
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27 The molecular formula CH3 can represent an anion, a cation or a free radical. Species with the 
molecular formula CH3 can act as an electrophile, a free radical or a nucleophile depending on 
the number of outer shell electrons on the central carbon atom. 

 
How many outer shell electrons on the central carbon atom must be present for CH3 to act in 
these different ways? 

 

 CH3 as an 
electrophile 

CH3 as a 
free radical 

CH3 as a 
nucleophile 

A 6 7 8 

B 6 8 7 

C 7 6 8 

D 8 7 6 
 
 
28 Compound Z, C7H13Br, has two chiral centres. A sample of Z contains all four possible optical 

isomers. 
 

This sample of Z reacts with hot ethanolic NaOH to produce a mixture of only three isomers. Two 
of these isomers are optical isomers of each other. 

 
What could be the formula of Z? 

 

Br
Br

A B

Br

C

Br

D

 
 
 
29 The free-radical substitution reaction between methane and chlorine involves initiation, 

propagation and termination stages. 
 

Which row is correct? 
 

 involved in 
initiation stage 

radical produced in 
a propagation stage 

A homolytic fission H• 

B homolytic fission CH3• 

C heterolytic fission H• 

D heterolytic fission CH3• 
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30 The alkene shown reacts with an excess of HBr via an electrophilic addition reaction. 
 

 
 

What is the major product formed? 

A 3,5-dibromo-2-methylhexane 

B 2,5-dibromo-2-methylhexane 

C 2,6-dibromo-2-methylhexane 

D 3,6-dibromo-2-methylhexane 
 
 
31 The diagram shows the structures of two halogenoalkanes, P and Q. 
 

CH3 C

F

Q

C3H7

C2H5

CH3 C

Br

P

C3H7

C2H5

 
 

Both compounds can be hydrolysed. 
 

Which row is correct? 
 

 compound more 
readily hydrolysed reaction mechanism 

A P SN1 

B P SN2 

C Q SN1 

D Q SN2 
 
 

111. Question | 9701 May-June 2022 P1 V3 Q29
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27 The diagram shows the skeletal formula of phenazine. 
 

phenazine

N

N

 
 

What is the empirical formula of phenazine? 

A C6H4N B C6H6N C C12H8N2 D C12H12N2 
 
 
28 The diagram shows the structural formula of mevalonic acid. 
 

HO2C C

H

H

C

CH3

OH

C

H

H

H

H

C OH

mevalonic acid

 
 

Which reagent and conditions will react with mevalonic acid to produce an organic compound 
without a chiral carbon atom? 

A heat under reflux with CH3OH / H+ 

B heat under reflux with Cr2O7
2–

 / H+ 

C Na at room temperature 

D PCl 5 at room temperature 
 
 
29 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

Y is a gaseous hydrocarbon which decolourises aqueous bromine. 
 

10.0 g of Y occupies a volume of 3.43 dm3 under room conditions. 
 

How many isomeric structures are possible for Y?  

A 4 B 5 C 6 D 7 
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25 Separate 1.0 g samples of Na2O, MgO, Al 2O3, SiO2, NaCl, MgCl 2, Al 2Cl 6 and SiCl 4 are added to 
separate beakers containing water and stirred. 

 
The number of beakers containing a white solid is Q. 

 
An excess of NaOH(aq) is then added to each beaker and stirred. 

 
The number of beakers now containing a white solid is R. 

 
Which row is correct? 

 
 Q R 

A 3 2 

B 3 3 

C 4 3 

D 4 4 
 
 
26 Which pair of alcohols are isomers of each other? 

A butan-1-ol and 2,2-dimethylpropan-1-ol 

B butan-2-ol and 2-methylpropan-2-ol  

C pentan-1-ol and 2-methylpropan-2-ol  

D propan-2-ol and 2-methylpropan-2-ol 
 
 
27 How many chiral carbon atoms are there in one molecule of 2,2,4,5-tetramethylhexan-3-ol? 

A 1 B 2 C 3 D 4 
 
 
28 Which pair of reagents react together in a redox reaction? 

A CH3CHCH2  +  Br2 

B CH3CH2CH2OH  +  concentrated H3PO4 

C CH3COCH3  +  HCN 

D HCO2C2H5  +  dilute H2SO4 
 
 

113. Question | 9701 Oct-Nov 2022 P1 V2 Q28

12 
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27 A carboxylic acid, P, has no chain isomers. It reacts with an alcohol, Q, that has only one 
positional isomer. 

 
What could be the ester formed from a reaction between P and Q? 

A butyl propanoate 

B ethyl butanoate 

C pentyl ethanoate 

D propyl pentanoate 
 
 
28 Which pair includes a hydrocarbon without a chiral centre? 

A CH3CH2CH2CH(CH3)CH2CH3 CH3CH(CH3)CH(CH3)CH2CH3 

B CH3CH2CH2CH(CH2CH3)CH3 CH3CH2CH2CH(CH3)CH2CH3 

C CH3CH2CH2CH(CH3)CH2CH3 CH3CH2CH(CH3)CH(CH3)2 

D CH3CH(CH2CH3)CH(CH3)CH3 CH3CH(CH3)CH2CH(CH3)2 
 
 
29 What is the major product formed when compound R is warmed with an excess of HBr? 
 

OH

OH

R

C

OH

Br OH

BA

Br

Br Br

D

Br
Br

OH

Br

Br

Br  
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30 cis-but-2-ene reacts with cold dilute acidified potassium manganate(VII) solution to give 
product X. 

 
cis-but-2-ene reacts with hot concentrated acidified potassium manganate(VII) solution to give 
product Y. 

 
Which row describing the reactions of X and Y is correct? 

 

 when sodium metal is added to 
separate samples of X and Y 

when sodium hydroxide solution is 
added to separate samples of X and Y 

A both X and Y will react neither X nor Y will react 

B both X and Y will react only one of X and Y will react 

C only one of X and Y will react neither X nor Y will react 

D only one of X and Y will react only one of X and Y will react 
 
 
31 For which reaction will the major organic product have the lowest relative molecular mass? 

A Bromoethane is heated under reflux with an aqueous solution of sodium hydroxide. 

B Bromoethane is heated under reflux with a solution of sodium cyanide in ethanol. 

C 2-bromopropane is heated under reflux with an aqueous solution of sodium hydroxide. 

D 2-bromopropane is heated under reflux with concentrated ethanolic sodium hydroxide. 
 
 
32 C4H9Cl reacts with warm dilute aqueous sodium hydroxide solution. 
 

Which isomer of C4H9Cl will form the most stable cation intermediate? 

A 1-chlorobutane 

B 2-chlorobutane 

C 1-chloro-2-methylpropane 

D 2-chloro-2-methylpropane 
 
 

115. Question | 9701 Oct-Nov 2022 P1 V2 Q34

14 

© UCLES 2022 9701/12/O/N/22  

33 1.0 mol of an organic compound, J, requires 6.0 mol of oxygen for complete combustion. 
 

1.0 mol of J reacts with sodium, producing 0.50 mol of a gas that gives a ‘pop’ with a lighted splint. 
 

J reacts with an excess of hot acidified potassium manganate(VII) to produce an organic 
compound which gives an orange-red precipitate with 2,4-DNPH reagent. 

 
Which compound is J? 

A but-1-ene 

B butan-2-ol 

C propan-2-ol 

D 2-methylpropan-2-ol 
 
 
34 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

3-methylhexan-3-ol reacts with hot concentrated sulfuric acid to form several isomeric 
compounds with the molecular formula C7H14. 

 

HO

3-methylhexan-3-ol

 
 

How many isomeric compounds could be formed in this reaction? 

A 3 B 4 C 5 D 6 
 
 
35 The table shows a student’s predictions for the reactions of three compounds. 
 

 compound alkaline 
I2(aq) 

Fehling’s 
reagent 

Tollens’ 
reagent  

1 O
    

key 
 = reaction occurs 
 = no reaction 

2 
O

 
    

3 
O

 
    

 
Which rows show the correct predictions? 

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

116. Question | 9701 Specimen 2022 P1 Q27

9

9701/01/SP/22© UCLES 2019 [Turn over

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
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35	 Citral is found in lemongrass oil. It can react to give compound W.

CHO
an excess of

H2 / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral

	 What could compound W be?

	

A B C D

COOH

COOH

COOH

COOH
O

CHO

36	 P and Q are alkenes. They are geometric isomers of each other.

	 Which statement is correct?

	 A	 P and Q give different products with hot, concentrated, acidified potassium manganate(VII).

	 B	 P and Q have different empirical formulae.

	 C	 P and Q have different functional groups.

	 D	 P and Q have different skeletal formulae.

37	 The following statements are about the reaction of NaOH(aq) with the three chloroalkanes shown.

CH3CH2CHCl CH3               (CH3)2CHCH2Cl               (CH3)3CCl

	 Which statement is correct?

	 A	 (CH3)2CHCH2Cl reacts with NaOH(aq) by an SN2 mechanism.

	 B	 The tertiary chloroalkane reacts more quickly than the others because the carbon atom 
bonded to the Cl atom is more positive in this molecule.

	 C	 The Cl atoms in the three chloroalkanes are attacked by OH–.

	 D	 The molecular formula of the major product is C4H8 for each reaction.

118. Question | 9701 Feb-March 2023 P1 V2 Q29

Compound X, C7H13Br, reacts with hot alcoholic NaOH to produce two compounds, Y and Z.

On reaction with Br2, Y gives a product, C7H12Br2, which exists as a mixture of four optical isomers.

On reaction with Br2, Z gives a product, C7H12Br2, which is non-chiral.

What could X be?

27

A B C

CH3 CH3CH2BrBr

Br

D

CH3

Br

When illudin S is heated under reflux with an excess of acidified potassium dichromate(VI),

compound M is formed.
28

O
HO

OH

compound M

OH

illudin S

What is the molecular formula of compound M?

C15H18O5DC15H18O4CC15H16O5BC15H16O4A

Cyclohexene, C6H10, is a hydrocarbon with a six-membered ring of carbon atoms.

It has several structural isomers that are straight-chain alkenes. The number of double bonds in

each of these molecules is P.

What is the shape of the cyclohexene molecule and what is the value of P?

29

Pshape

1planarA

2planarB

1non-planarC

2non-planarD

10
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119. Question | 9701 Feb-March 2023 P1 V2 Q39

Cyclohexa-1,4-diene is treated with a solution of bromine in tetrachloromethane in the dark.39

cyclohexa-1,4-diene

Which product is formed?

Br

Br

Br

Br

A

Br

Br

C

Br Br

Br Br

D

Br

Br

Br

Br

B

2-methylbut-2-ene is reacted with hot, concentrated, acidified potassium manganate(VII) solution.

What are the products of this reaction?

40

ethanal and propanoneA

ethanoic acid and propanoneB

ethanoic acid and propan-2-olC

ethanol and propan-2-olD

15
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120. Question | 9701 May-June 2023 P1 V1 Q24

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

If a molecule contains two non-identical chiral carbon atoms, four optical isomers exist.

How many isomers are there with:

24

• molecular formula C7H14O and

• a five-membered ring and

• a tertiary alcohol group?

13D9C5B4A

Which reagent will react with pentan-3-ol to give a mixture of stereoisomers?25

acidified potassium dichromateA

concentrated sulfuric acidB

ethanoic acid in the presence of a little concentrated H2SO4C

hydrogen chlorideD

An organic molecule W contains 3 carbon atoms. It requires 4.5 molecules of oxygen for complete
combustion.

What could W be?

26

propaneA

propanoic acidB

propanoneC

propan-1-olD

Which equation represents a reaction that proceeds through initiation, propagation and termination
steps?

27

C4H10 + Cl 2 → C4H9Cl + HClA

C5H11Br + NaOH → C5H11OH + NaBrB

C6H12 + H2O → C6H13OHC

C6H13CHO + HCN → C6H13CH(OH)CND

10
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121. Question | 9701 May-June 2023 P1 V1 Q27

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

If a molecule contains two non-identical chiral carbon atoms, four optical isomers exist.

How many isomers are there with:

24

• molecular formula C7H14O and

• a five-membered ring and

• a tertiary alcohol group?

13D9C5B4A

Which reagent will react with pentan-3-ol to give a mixture of stereoisomers?25

acidified potassium dichromateA

concentrated sulfuric acidB

ethanoic acid in the presence of a little concentrated H2SO4C

hydrogen chlorideD

An organic molecule W contains 3 carbon atoms. It requires 4.5 molecules of oxygen for complete
combustion.

What could W be?

26

propaneA

propanoic acidB

propanoneC

propan-1-olD

Which equation represents a reaction that proceeds through initiation, propagation and termination
steps?

27

C4H10 + Cl 2 → C4H9Cl + HClA

C5H11Br + NaOH → C5H11OH + NaBrB

C6H12 + H2O → C6H13OHC

C6H13CHO + HCN → C6H13CH(OH)CND

10

122. Question | 9701 May-June 2023 P1 V1 Q28

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

A set of isomeric hydrocarbons

28

• all contain 14.3% by mass of hydrogen

• all react with bromine by addition, 0.280g of each hydrocarbon reacting with 0.799g of
bromine.

What is the maximum number of isomeric compounds in the set?

5D4C3B1A

Which row describes the solvent used and type of reaction occurring when bromoethane reacts
with NaOH to form ethene?

29

type of reactionsolvent

eliminationethanolA

substitutionethanolB

eliminationwaterC

substitutionwaterD

Which row describes the type of reaction that occurs when propan-1-ol reacts to form the named
carbon-containing product?

30

type of reactioncarbon-containing product

addition to propan-1-ol1-chloropropaneA

complete combustion of propan-1-olcarbon monoxideB

dehydration of propan-1-olpropeneC

reduction of propan-1-olpropanalD

Which statement describes what happens when 2-chloro-2-methylpropane is warmed with
NaOH(aq)?

31

This secondary halogenoalkane reacts by a mixture of an SN1 and an SN2 mechanism.A

This secondary halogenoalkane reacts only by an SN2 mechanism.B

This tertiary halogenoalkane reacts mostly by an SN1 mechanism.C

This tertiary halogenoalkane does not react with hydroxide ions under these conditions.D

11
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123. Question | 9701 May-June 2023 P1 V2 Q30

Ethane reacts with an excess of chlorine in the presence of ultraviolet light to form a mixture of
products.

How many of these products contain two carbon atoms and one or more chlorine atoms?

28

9D8C7B6A

When bromoethane reacts with hot ethanolic sodium hydroxide a colourless gas is formed. This
gas decolourises aqueous bromine.

What is the colourless gas?

29

1,2-dibromoethaneA

ethanolB

etheneC

hydrogen bromideD

Alkynes are hydrocarbons that contain one triple C≡C bond.

Like alkenes, alkynes take part in addition reactions. A saturated compound can be formed.

For example, ethyne, H–C≡C–H, reacts with an excess of hydrogen to form ethane.

Propyne, C3H4, undergoes an addition reaction with an excess of hydrogen bromide in two stages.
Markovnikov’s rule applies to the addition of HBr at each stage.

What is the main product obtained when propyne reacts with an excess of hydrogen bromide?

30

CH2BrCH2CH2BrA

CH3CH2CHBr2B

CH3CHBrCH2BrC

CH3CBr2CH3D

Bromine reacts with alkenes by an electrophilic addition mechanism in which a cation is formed as
an intermediate.

Which mixture will produce the most stable intermediate cation?

31

3,3-dimethylpent-1-ene + bromineA

ethene + bromineB

methylpropene + bromineC

propene + bromineD

10

124. Question | 9701 May-June 2023 P1 V2 Q31

Ethane reacts with an excess of chlorine in the presence of ultraviolet light to form a mixture of
products.

How many of these products contain two carbon atoms and one or more chlorine atoms?

28

9D8C7B6A

When bromoethane reacts with hot ethanolic sodium hydroxide a colourless gas is formed. This
gas decolourises aqueous bromine.

What is the colourless gas?

29

1,2-dibromoethaneA

ethanolB

etheneC

hydrogen bromideD

Alkynes are hydrocarbons that contain one triple C≡C bond.

Like alkenes, alkynes take part in addition reactions. A saturated compound can be formed.

For example, ethyne, H–C≡C–H, reacts with an excess of hydrogen to form ethane.

Propyne, C3H4, undergoes an addition reaction with an excess of hydrogen bromide in two stages.
Markovnikov’s rule applies to the addition of HBr at each stage.

What is the main product obtained when propyne reacts with an excess of hydrogen bromide?

30

CH2BrCH2CH2BrA

CH3CH2CHBr2B

CH3CHBrCH2BrC

CH3CBr2CH3D

Bromine reacts with alkenes by an electrophilic addition mechanism in which a cation is formed as
an intermediate.

Which mixture will produce the most stable intermediate cation?

31

3,3-dimethylpent-1-ene + bromineA

ethene + bromineB

methylpropene + bromineC

propene + bromineD

10



9701 Chemistry Paper 1 - Hydrocarbons
Topical questions | 175 questions

125. Question | 9701 May-June 2023 P1 V2 Q33

Halogenoalkanes react with hot ethanolic potassium cyanide.

The reaction mechanism is either SN1 or SN2.

Which statement is correct?

32

All secondary halogenoalkanes react by the SN2 mechanism only.A

Both the halogenoalkane and the cyanide ion are involved in the initial step of the SN1
mechanism.

B

Chloroethane reacts with cyanide ions by the SN1 mechanism only.C

The SN2 mechanism involves a short-lived negatively charged transition state.D

X, Y and Z are three isomeric alcohols.

X CH3CH2CH2CH2CH2OH

Y CH3CH2CH(OH)CH2CH3

Z (CH3)2C(OH)CH2CH3

Separate samples of each alcohol are warmed with a mild oxidising agent and the results noted.

One of these alcohols, when dehydrated, will give a pair of cis-trans isomers with molecular formula
C5H10.

Which row is correct?

33

gives cis/trans
isomers

reacts with mild
oxidising reagents

Y onlyX, Y and ZA

Z onlyX, Y and ZB

Y onlyX and Y onlyC

Z onlyX and Y onlyD

Compound G gives a pale yellow precipitate with alkaline I2(aq).

What could be compound G?

34

pentan-1-olA

pentan-2-olB

pentan-3-olC

2-methylpentan-2-olD

11
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126. Question | 9701 May-June 2023 P1 V2 Q35

Themechanism for the reaction between ethanal and hydrogen cyanide starts with the step shown.35

C

H H

O

H C

H

CN–

What is the correct structure of the intermediate ion formed, and what is the next step in this
mechanism?

C

H

H C

A

H

H CNH

C

N

+O

C

H

H C

B

H

H CNH

C

N

– O

C

H

H C

C

C

H

H C H

H CNH

C

N

– O

D

H

H CNH

C

N

+O

Which compound reacts with 2,4-dinitrophenylhydrazine reagent but does not react with Tollens’
reagent?

36

CH3COCO2HA

CH3CH(OH)CHOB

CH3COCHOC

CH3CH(OH)CH3D

Compound X has stereoisomers and forms a precipitate when warmed with Fehling’s reagent.

What could be the structure of compound X?

37

O

A

O

B

O

C

O

D

12

127. Question | 9701 May-June 2023 P1 V3 Q29

The conversion of propan-1-ol into propan-2-ol can be completed in a two-stage synthesis.

The first stage is to heat the propan-1-ol with concentrated sulfuric acid.

Which reagent would be needed to complete the second stage?

29

A

hot concentrated acidified manganate�VII� ionsB

steam with phosphoric acidC

aqueous sodium hydroxideD

Which type of reaction happens during the hydrolysis of 2-bromopropane?30

electrophilic additionA

free radical substitutionB

nucleophilic additionC

nucleophilic substitutionD

A mixture of ethane and an excess of chlorine is exposed to UV light.

How many different products, each containing only two carbon atoms and at least one chlorine
atom per molecule, can be formed?

31

12D10C9B8A

When 1-methylcyclohexene reacts with Br2 the product is X.

When 1-methylcyclohexene reacts with HBr the major product is Y.

32

%U� +%U
; <

Which statement is correct?

X is a mixture of two stereoisomers; Y does not have stereoisomers.A

X is a mixture of two stereoisomers; Y is a mixture of four stereoisomers.B

X is a mixture of four stereoisomers; Y does not have stereoisomers.C

X is a mixture of four stereoisomers; Y is a mixture of four stereoisomers.D

11

[Turn over

cold dilute acidified manganate�VII� ions
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128. Question | 9701 May-June 2023 P1 V3 Q32

The conversion of propan-1-ol into propan-2-ol can be completed in a two-stage synthesis.

The first stage is to heat the propan-1-ol with concentrated sulfuric acid.

Which reagent would be needed to complete the second stage?

29

A

hot concentrated acidified manganate�VII� ionsB

steam with phosphoric acidC

aqueous sodium hydroxideD

Which type of reaction happens during the hydrolysis of 2-bromopropane?30

electrophilic additionA

free radical substitutionB

nucleophilic additionC

nucleophilic substitutionD

A mixture of ethane and an excess of chlorine is exposed to UV light.

How many different products, each containing only two carbon atoms and at least one chlorine
atom per molecule, can be formed?

31

12D10C9B8A

When 1-methylcyclohexene reacts with Br2 the product is X.

When 1-methylcyclohexene reacts with HBr the major product is Y.

32

%U� +%U
; <

Which statement is correct?

X is a mixture of two stereoisomers; Y does not have stereoisomers.A

X is a mixture of two stereoisomers; Y is a mixture of four stereoisomers.B

X is a mixture of four stereoisomers; Y does not have stereoisomers.C

X is a mixture of four stereoisomers; Y is a mixture of four stereoisomers.D

11

[Turn over

cold dilute acidified manganate�VII� ions

129. Question | 9701 May-June 2023 P1 V3 Q37

An unsaturated carboxylic acid reacts with alcohol X to form an ester.

The structure of the ester is shown.

37

2

2

Which geometrical isomer is shown in this ester and to which class of alcohol does X belong?

class of alcohol Xgeometrical isomer

secondarycisA

tertiarycisB

secondarytransC

tertiarytransD

Which two-step process converts cyclohexanol into cyclohexane-1,2-diol?38

2+

F\FORKH[DQRO

2+

2+

F\FORKH[DQH�����GLRO

step 2step 1

add cold dilute KMnO4 and H2SO4heat strongly with Al 2O3A

heat with steam and H2SO4heat strongly with Al 2O3B

add cold dilute KMnO4 and H2SO4reflux with ethanolic NaOHC

heat with steam and H2SO4reflux with ethanolic NaOHD

[Turn over
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130. Question | 9701 Oct-Nov 2023 P1 V1 Q28

Hexamine is a crystalline solid used as a fuel in portable stoves.

The diagram shows its skeletal structure.

25

hexamine

N

N

N N

What is the empirical formula of hexamine?

C6H12N4DC4H8N4CC3H6N2BCH2NA

The compound aspartame is widely used as a sweetener in ‘diet’ soft drinks.26

NH

NH2O

HO

O O

CH3

C6H5

O

aspartame

Aspartame is chiral. (There are no chiral carbon atoms in C6H5.)

How many chiral carbon atoms are present in a molecule of aspartame?

4D3C2B1A

How many and bonds are in the molecule HCCCH2CH2CHC(CH3)2?27

19 3D18 4C17 5B17 3A

The hydrocarbon C17H36 can be cracked.

Which compound is the least likely to be produced in this reaction?

28

C16H34DC8H16CC4H8BC3H8A

11_9701 023_1.1© UCLES 2023

10

131. Question | 9701 Oct-Nov 2023 P1 V1 Q29

Which compound has an Mr of 84 and will react with HBr to give a product with an Mr of 164.9?29

A B C D

O

β-carotene is responsible for the orange colour of carrots.30

CH3 CH3

CH3

CH3 CH3

CH3 CH3
CH3 CH3

CH3

β-carotene

β-carotene is oxidised by hot, concentrated, acidified KMnO4.

When an individual molecule of β-carotene is oxidised in this way, many product molecules are
formed.

How many of these product molecules contain a ketone functional group?

11D9C6B4A

1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.31

CH3CH2CHCl 2 CH3CH2CHO
NaOH(aq)

Which term describes the first step of this reaction?

additionA

eliminationB

oxidationC

substitutionD

[Turn over11_9701_ 023_1.1© UCLES 2023
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132. Question | 9701 Oct-Nov 2023 P1 V1 Q30

Which compound has an Mr of 84 and will react with HBr to give a product with an Mr of 164.9?29

A B C D

O

β-carotene is responsible for the orange colour of carrots.30

CH3 CH3

CH3

CH3 CH3

CH3 CH3
CH3 CH3

CH3

β-carotene

β-carotene is oxidised by hot, concentrated, acidified KMnO4.

When an individual molecule of β-carotene is oxidised in this way, many product molecules are
formed.

How many of these product molecules contain a ketone functional group?

11D9C6B4A

1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.31

CH3CH2CHCl 2 CH3CH2CHO
NaOH(aq)

Which term describes the first step of this reaction?

additionA

eliminationB

oxidationC

substitutionD

[Turn over11_9701_ 023_1.1© UCLES 2023
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133. Question | 9701 Oct-Nov 2023 P1 V2 Q29

Which row shows the correct name and classification of the halogenoalkane shown?

CH3(CH2)2CBr(CH3)CH2CH3

28

classification of
halogenoalkanename

secondary3-bromo-3-methylhexaneA

tertiary3-bromo-3-methylhexaneB

tertiary3-bromo-4-methylhexaneC

secondary4-bromo-5-methylhexaneD

How many geometrical (cis/trans) isomers are there of hex-2,4-diene, CH3CH=CHCH=CHCH3?29

none; hex-2,4-diene does not show geometric isomerismA

2B

3C

4D

The structure of compound X is shown.

compound X

30

One mole of compound X reacts completely with two moles of hydrogen bromide.

What is the structure of the major product of this reaction?

Br

A
Br

Br
Br

B

Br
C

Br Br

Br

D

[Turn over11_9701_12_2023_1.11R© UCLES 2023
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134. Question | 9701 Oct-Nov 2023 P1 V2 Q30

Which row shows the correct name and classification of the halogenoalkane shown?

CH3(CH2)2CBr(CH3)CH2CH3

28

classification of
halogenoalkanename

secondary3-bromo-3-methylhexaneA

tertiary3-bromo-3-methylhexaneB

tertiary3-bromo-4-methylhexaneC

secondary4-bromo-5-methylhexaneD

How many geometrical (cis/trans) isomers are there of hex-2,4-diene, CH3CH=CHCH=CHCH3?29

none; hex-2,4-diene does not show geometric isomerismA

2B

3C

4D

The structure of compound X is shown.

compound X

30

One mole of compound X reacts completely with two moles of hydrogen bromide.

What is the structure of the major product of this reaction?

Br

A
Br

Br
Br

B

Br
C

Br Br

Br

D

[Turn over11_9701_12_2023_1.11R© UCLES 2023
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135. Question | 9701 Oct-Nov 2023 P1 V2 Q32

The formulae of three compounds are shown.31

CH2CHCH2CH2OHC2H5COCH3C3H7CHO

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?

forms a silver mirror with
Tollens’ reagentdecolourises bromine water

C2H5COCH3C3H7CHOA

C3H7CHOC2H5COCH3B

C2H5COCH3CH2CHCH2CH2OHC

C3H7CHOCH2CHCH2CH2OHD

Which list contains a compound that is not made during the free radical substitution of methane
with chlorine?

32

CH3Cl , CCl 4, C2H6A

Cl 2, CH2Cl 2, CCl 4B

CH3Cl , CH2Cl 2, CHCl 3C

CH3Cl , CHCl 3, C2H2Cl 2D

Propanoic acid can be used to make propene by a two-stage synthesis.

Which row shows suitable reagents for this synthesis?

33

reagent for second stagereagent for first stage

conc. H2SO4LiAlH4A

NaOH in ethanolLiAlH4B

conc. H2SO4NaBH4C

NaOH in ethanolNaBH4D

11_9701_12_2023_1.11R© UCLES 2023
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136. Question | 9701 Oct-Nov 2023 P1 V3 Q28

Hexamine is a crystalline solid used as a fuel in portable stoves.

The diagram shows its skeletal structure.

25

hexamine

N

N

N N

What is the empirical formula of hexamine?

C6H12N4DC4H8N4CC3H6N2BCH2NA

The compound aspartame is widely used as a sweetener in ‘diet’ soft drinks.26

NH

NH2O

HO

O O

CH3

C6H5

O

aspartame

Aspartame is chiral. (There are no chiral carbon atoms in C6H5.)

How many chiral carbon atoms are present in a molecule of aspartame?

4D3C2B1A

How many and bonds are in the molecule HCCCH2CH2CHC(CH3)2?27

19 3D18 4C17 5B17 3A

The hydrocarbon C17H36 can be cracked.

Which compound is the least likely to be produced in this reaction?

28

C16H34DC8H16CC4H8BC3H8A

11_9701_13_2023_1.10© UCLES 2023

10

137. Question | 9701 Oct-Nov 2023 P1 V3 Q29

Which compound has an Mr of 84 and will react with HBr to give a product with an Mr of 164.9?29

A B C D

O

β-carotene is responsible for the orange colour of carrots.30

CH3 CH3

CH3

CH3 CH3

CH3 CH3
CH3 CH3

CH3

β-carotene

β-carotene is oxidised by hot, concentrated, acidified KMnO4.

When an individual molecule of β-carotene is oxidised in this way, many product molecules are
formed.

How many of these product molecules contain a ketone functional group?

11D9C6B4A

1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.31

CH3CH2CHCl 2 CH3CH2CHO
NaOH(aq)

Which term describes the first step of this reaction?

additionA

eliminationB

oxidationC

substitutionD

[Turn over11_9701_13_2023_1.10© UCLES 2023
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138. Question | 9701 Feb-March 2024 P1 V2 Q25 11  
 

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

25 The diagram shows the structure of the naturally occurring molecule cholesterol. 
 

cholesterol

HO

CH3

H3C

CH3

 
 

Student X stated that the 17 carbon atoms in the 4 rings all lie in the same plane. 
 

Student Y stated that this molecule displays cis/trans isomerism at the C=C double bond. 
 

Which students are correct? 

A both student X and student Y 

B neither student X nor student Y 

C student X only 

D student Y only 
 
 
26 The drug cortisone has the formula shown. 
 

O
OH

OH

O

O

cortisone

 
 

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 
 
 

139. Question | 9701 Feb-March 2024 P1 V2 Q27 12 

© UCLES 2024 9701/12/F/M/24  

27 But-2-ene reacts with cold dilute acidified KMnO4 to give product X. 
 

But-2-ene reacts with hot concentrated acidified KMnO4 to give product Y. 
 

Which statement about product X and product Y is correct? 

A Both product X and product Y will react with 2,4-dinitrophenylhydrazine. 

B Neither product X nor product Y will react with 2,4-dinitrophenylhydrazine. 

C Product X will react with 2,4-dinitrophenylhydrazine, product Y will not. 

D Product Y will react with 2,4-dinitrophenylhydrazine, product X will not. 
 
 
28 A sequence of reactions takes place. The major product is compound Z. 
 

propanoic acid compound X
LiAl H4 compound Y

compound Z

concentrated
H2SO4

pass vapour with
steam over H3PO4

 
 

What is compound Z? 

A propanone 

B propene 

C propan-1-ol 

D propan-2-ol 
 
 
29 Which statement is correct? 

A Bromoethane reacts with NaOH(aq) to form ethene as a major product. 

B 1-chlorobutane reacts more rapidly than 1-bromobutane with NaOH(aq) at the same 
temperature. 

C Hydrolysis of (C2H5)3CBr occurs mostly by the SN2 mechanism. 

D The CH3CH2CH2CH2
+ ion is less stable than the (CH3)3C+ ion. 
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140. Question | 9701 May-June 2024 P1 V1 Q25 10 

© UCLES 2024 9701/11/M/J/24  

25 Structural isomerism and stereoisomerism should be taken into account when answering this 
question. 

 
The structure of 3-methylcyclobutene is shown. 

 
3-methylcyclobutene

 
 

A mixture containing all stereoisomers of 3-methylcyclobutene is treated with HBr. This produces 
a mixture of isomeric bromomethylcyclobutanes. 

 
How many stereoisomers does 3-methylcyclobutene have, and how many isomeric 
bromomethylcyclobutanes are present in the product mixture? 

 
 3-methylcyclobutene bromomethylcyclobutanes 

A 2 4 

B 2 6 

C 4 4 

D 4 8 
 
 
26 The diagram shows the structure of X. 
 

X

H

H

NC

H  
 

Which row is correct? 
 

 number of  
 bonds in X 

type of hybridisation of 
the carbon atoms in X 

A 4 sp and sp2 

B 4 sp2 and sp3 

C 6 sp and sp2 

D 6 sp2 and sp3 
 
 

141. Question | 9701 May-June 2024 P1 V1 Q28

11  
 

© UCLES 2024 9701/11/M/J/24 [Turn over 

27 The diagram shows the skeletal formula of citric acid. 
 

O
OO

OH

OH
OHHO

citric acid

 
 

What is the molecular formula of citric acid? 

A C6H8O7 B C6H4O7 C C8H8O7 D C10H8O7 
 
 
28 Which reaction occurs when ethane and chlorine are mixed in diffused sunlight? 

A a free-radical substitution with hydrogen given off 

B a free-radical substitution with hydrogen chloride given off 

C a free-radical substitution with no gas given off 

D a nucleophilic substitution with hydrogen chloride given off 
 
 
29 A molecule of geraniol is shown. 
 

OH

geraniol

 
 

What is formed when geraniol is reacted with an excess of cold dilute acidified MnO4
–? 

 

OH

O

A

OH

O

O

B

HO
O

HO

O
O

+ +

C

OH

D

OH

OH
HO

OH
HO

OH OH

O O
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142. Question | 9701 May-June 2024 P1 V2 Q26

9  
 

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

24 In the general formula of which class of compound is the ratio of hydrogen atoms to carbon 
atoms the highest? 

A alcohols 

B aldehydes 

C carboxylic acids 

D halogenoalkanes 
 
 
25 Which statement is correct? 

A Adding sodium oxide to water gives a lower pH solution than adding silicon oxide to water. 

B The oxidation state of sodium in its chloride is higher than the oxidation state of silicon in its 
chloride. 

C The atomic radius of sodium is larger than that of silicon. 

D The melting point of the chloride of sodium is lower than the melting point of the chloride of 
silicon. 

 
 
26 Z is a gaseous hydrocarbon which has a density of 3.50  10–3

 g cm–3 under room conditions. 
 

Z reacts with an excess of hot concentrated acidified KMnO4. Only one type of carboxylic acid is 
formed in this reaction. 

 
What is Z? 

A but-2-ene 

B 2,3-dimethylbut-2-ene 

C hex-2-ene 

D hex-3-ene 
 
 
27 Compound X can be oxidised to compound Y. 
 

Compound Y gives a yellow precipitate with alkaline I2(aq). 
 

What is compound X? 

A butan-1-ol 

B butan-2-ol 

C methylpropan-1-ol 

D methylpropan-2-ol 
 
 

143. Question | 9701 May-June 2024 P1 V2 Q34

11  
 

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

32 Compound T has the skeletal formula shown. 
 

compound T

 
 

Which structure is a structural isomer of compound T? 
 

A B C D

 
 
 
33 The diagram shows a simplified structure of coenzyme Q10. 
 

O

O

H

n

coenzyme Q10

CH3O

CH3O

 
 

Which row describes the structure of coenzyme Q10 correctly? 
 

 the coenzyme is number of  bonds 
in one molecule 

A an aldehyde n + 2 

B an aldehyde n + 4 

C a ketone n + 2 

D a ketone n + 4 
 
 
34 The molecule of limonene, C10H16, contains a 6-membered ring. This is the only cyclic component 

in its structure. 
 

Which volume of hydrogen, at room conditions, is required to react completely with the C=C 
double bonds in one mole of limonene? 

A 12 dm3 B 24 dm3 C 48 dm3 D 72 dm3 
 
 

144. Question | 9701 May-June 2024 P1 V3 Q25 11  
 

© UCLES 2024 9701/13/M/J/24 [Turn over 

25 Which alkene shows geometric isomerism? 
 

CH3CH2CH CHCH3

CH3CH2C CH2

A

B

C

D

CH3CH2CH2CH CH2

CH3

CH3

CH3CH CCH3

 
 
 
26 What is the correct name of the major product of the reaction of HBr with 3-ethylhex-3-ene? 

A 3-bromo-3-ethylhexane 

B 3-bromo-4-ethylhexane 

C 4-bromo-3-ethylhexane 

D 4-bromo-4-ethylhexane 
 
 
27 The alkane CH3CH2CH(CH3)2 undergoes free radical substitution with chlorine. No C–C bonds 

are broken in this reaction. 
 

How many isomeric products, including positional and optical isomers, of molecular formula 
C5H11Cl can be formed? 

A 4 B 5 C 6 D 7 
 
 
28 What is involved in the mechanism of the reaction between aqueous NaOH and 1-bromobutane? 

A attack by a nucleophile on a carbon atom with a partial positive charge 

B heterolytic bond fission and attack by a nucleophile on a carbocation 

C homolytic bond fission and attack by an electrophile on a carbanion 

D homolytic bond fission and attack by a nucleophile on a carbocation 
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145. Question | 9701 May-June 2024 P1 V3 Q26

11  
 

© UCLES 2024 9701/13/M/J/24 [Turn over 

25 Which alkene shows geometric isomerism? 
 

CH3CH2CH CHCH3

CH3CH2C CH2

A

B

C

D

CH3CH2CH2CH CH2

CH3

CH3

CH3CH CCH3

 
 
 
26 What is the correct name of the major product of the reaction of HBr with 3-ethylhex-3-ene? 

A 3-bromo-3-ethylhexane 

B 3-bromo-4-ethylhexane 

C 4-bromo-3-ethylhexane 

D 4-bromo-4-ethylhexane 
 
 
27 The alkane CH3CH2CH(CH3)2 undergoes free radical substitution with chlorine. No C–C bonds 

are broken in this reaction. 
 

How many isomeric products, including positional and optical isomers, of molecular formula 
C5H11Cl can be formed? 

A 4 B 5 C 6 D 7 
 
 
28 What is involved in the mechanism of the reaction between aqueous NaOH and 1-bromobutane? 

A attack by a nucleophile on a carbon atom with a partial positive charge 

B heterolytic bond fission and attack by a nucleophile on a carbocation 

C homolytic bond fission and attack by an electrophile on a carbanion 

D homolytic bond fission and attack by a nucleophile on a carbocation 
 
 

146. Question | 9701 May-June 2024 P1 V3 Q29 12 

© UCLES 2024 9701/13/M/J/24  

29 But-2-ene reacts with cold dilute acidified KMnO4 to give product X. 
 

But-2-ene reacts with an excess of hot concentrated acidified KMnO4 to give product Y. 
 

Which statement about X and Y is correct? 

A Only one of X and Y reacts with 2,4-dinitrophenylhydrazine. 

B X and Y both react with sodium hydroxide. 

C X and Y both react with sodium metal. 

D Y reacts with LiAl H4 to give X. 
 
 
30 When heated with KOH dissolved in ethanol, halogenoalkanes can undergo an elimination 

reaction to form alkenes. 
 

What are the possible elimination products when 2-bromobutane is heated with KOH dissolved in 
ethanol? 

A CH3CH=CHCH3 only 

B CH3CH2CH=CH2 only 

C CH3CH=CHCH3 and CH3CH2CH=CH2 

D CH3CH=CHCH3 and CH2=CHCH=CH2 
 
 
31 Chloroethane can be used to make sodium propanoate. 
 

chloroethane  intermediate Q  sodium propanoate 
 

Intermediate Q is hydrolysed with boiling aqueous NaOH to give sodium propanoate. 
 

Which reagent would produce intermediate Q from chloroethane? 

A concentrated ammonia solution 

B dilute sulfuric acid 

C hydrogen cyanide in water 

D potassium cyanide in ethanol 
 
 
32 Four different alcohols are treated with alkaline I2(aq). 
 

Which row is correct? 
 

 name of alcohol formulae of products 

A butan-2-ol CH3COO– and CH3CI3 

B propan-1-ol CH3COO– and CHI3 

C propan-2-ol CH3COO– and CHI3 

D butan-2-ol CH3CH2COO– and CH3I 

147. Question | 9701 Oct-Nov 2024 P1 V1 Q25

10 

© UCLES 2024 9701/11/O/N/24  

24 Three statements about ammonia molecules and ammonium ions are given. 
 

1 In aqueous solution, ammonia molecules form coordinate bonds with hydroxide 
ions. 

2 Ammonium ions are Brønsted–Lowry acids. 

3 The H–N–H bond angle is larger in the ammonium ion than in the ammonia 
molecule. 

 
Which statements are correct? 

A 1 and 2 only B 1 and 3 only C 2 and 3 only D 1, 2 and 3 
 
 
25 Ethene reacts with steam in the presence of sulfuric acid. 
 

C2H4  +  H2O    CH3CH2OH 
 

Which type of reaction is this? 

A acid–base 

B addition 

C hydrolysis 

D substitution 
 
 
26 Compound Z has the molecular formula C4H8O2. 
 

Compound Z reacts with propan-1-ol in the presence of concentrated H2SO4. 
 

The diagram shows the skeletal formulae of three compounds, S, T and U. 
 

O

O

S
O

O

T
O

O

U

 
 

What are the possible skeletal formulae of the products of the reaction between compound Z and 
propan-1-ol? 

A S and T B U only C S and U D T only 
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27 Geraniol and nerol are isomers of each other. 
 

C

C C

C

H

H
H2C

H3C

H3C

C C

HH3C

H3C

CH3

CH2OH
H2C

geraniol

C
C

CH2OH
H2C

CH3

H
H2C

nerol

 
 

Which type of isomerism is shown here? 

A chain 

B geometrical (cis / trans) 

C optical 

D positional 
 
 
28 Which compound has the greatest number of stereoisomers? 

A 2-methylhex-2-ene 

B 3-methylhex-2-ene 

C 4-methylhex-2-ene 

D 5-methylhex-2-ene  
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149. Question | 9701 Oct-Nov 2024 P1 V1 Q28
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27 Geraniol and nerol are isomers of each other. 
 

C

C C

C

H

H
H2C

H3C

H3C

C C

HH3C

H3C

CH3

CH2OH
H2C

geraniol

C
C

CH2OH
H2C

CH3

H
H2C

nerol

 
 

Which type of isomerism is shown here? 

A chain 

B geometrical (cis / trans) 

C optical 

D positional 
 
 
28 Which compound has the greatest number of stereoisomers? 

A 2-methylhex-2-ene 

B 3-methylhex-2-ene 

C 4-methylhex-2-ene 

D 5-methylhex-2-ene  
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150. Question | 9701 Oct-Nov 2024 P1 V1 Q30
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29 Vitamin A contains retinol. 
 

OH

retinol

 
 

Under appropriate conditions, acidified KMnO4(aq) can be used to break C=C bonds. 
 

After these bonds have been broken, further oxidation of the fragments may occur. 
 

Under which conditions is the acidified KMnO4(aq) used and what do the final oxidation products 
include? 

 
 conditions final oxidation products 

A cold, dilute aldehydes and carboxylic acids 

B cold, dilute ketones and carboxylic acids 

C hot, concentrated aldehydes and carboxylic acids 

D hot, concentrated ketones and carboxylic acids 
 
 
30 The structure of limonene is shown. 
 

limonene

 
 

What are the number of moles of carbon dioxide and water produced when a sample of limonene 
is completely combusted in oxygen? 

 

 number of moles 
of carbon dioxide 

number of moles 
of water 

A 4 3 

B 5 4 

C 5 8 

D 9 7 
 
 

151. Question | 9701 Oct-Nov 2024 P1 V1 Q31 13  
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31 The reaction of chlorine with methane is carried out in the presence of light. 
 

What is the function of the light? 

A to break the C–H bonds in methane 

B to break the chlorine molecules into atoms 

C to break the chlorine molecules into ions 

D to heat the mixture 
 
 
32 When X is added to NaOH(aq) and heated under reflux, pentan-2-ol is made. 
 

Which organic product is made when X is heated with a solution of KCN dissolved in ethanol? 
 

CN

A B

CN

D

CN

C

CN

 
 
 
33 1-chlorobutane and 1-iodobutane both react with aqueous sodium hydroxide by a nucleophilic 

substitution mechanism. 
 

Which reaction has the greatest rate under the same conditions and which mechanism is 
followed by this reaction? 

 
 greatest rate mechanism 

A 1-chlorobutane SN1 

B 1-chlorobutane SN2 

C 1-iodobutane SN1 

D 1-iodobutane SN2 
 
 
34 Compound Y reacts with alkaline I2(aq). When the products of this reaction are acidified, a 

dicarboxylic acid is produced. The formula of the dicarboxylic acid is HOOC–R–COOH where R 
consists of one or more CH2 groups. 

 
Which compound is Y? 

A pentan-1,4-diol 

B pentan-1,5-diol 

C pentan-2,3-diol 

D pentan-2,4-diol 
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23 The name ‘chlorate’ is used for an anion consisting of chlorine and oxygen only. 
 

In a molecule of ICl, the iodine atom has oxidation number x and the chlorine atom has oxidation 
number y. 

 
When ICl is added to H2O, iodine is reduced. 

 
4ICl  +  2H2O    4HCl  +  O2  +  2I2 

 
Which statement about the value of x or y is correct? 

A x is the same as the oxidation number of Cl in the chlorate ion formed when Cl 2(aq) is added 
to cold NaOH(aq). 

B x is the same as the oxidation number of Cl in the chlorate ion formed when Cl 2(aq) is added 
to hot NaOH(aq). 

C y is the same as the oxidation number of Cl in the chlorate ion formed when Cl 2(aq) is added 
to cold NaOH(aq). 

D y is the same as the oxidation number of Cl in the chlorate ion formed when Cl 2(aq) is added 
to hot NaOH(aq). 

 
 
24 Which statement is correct? 

A An ammonium ion is basic due to a lone pair of electrons on the nitrogen atom. 

B Nitrogen monoxide, NO, reacts with peroxyacetyl nitrate to produce a component of 
photochemical smog. 

C Nitrogen dioxide catalyses the oxidation of atmospheric sulfur dioxide. 

D Nitrogen is very unreactive due to the very strong permanent dipole–permanent dipole 
attractions between the nitrogen atoms. 

 
 
25 The diagram shows the structural formula of a hydrocarbon molecule Q. 
 

C

H

H

H C C C C

H

C HC

H

HC

C
C

H

H H

H

molecule Q

H

 
 

How many of the carbon atoms in molecule Q are sp2 hybridised? 

A 3 B 4 C 7 D 10 
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32 What are the only structures formed when butan-2-ol is heated with concentrated H2SO4? 
 

C C

H

HH

CH3CH2

C C

H

CH3H

CH3

CH3CH3

CH3

CH3

CH3

A

C C

CH3

HH

C C

H

CH3H

B C C

H

HCH3CH2

CH3CH2

H

C C

H

H

H

C C

H

CH3

H

C

C C

H

H

C C

H

HH

CH3CH2

D C C

H

CH3CH3

H

 
 
 
33 The compound ‘leaf alcohol’ is partly responsible for the smell of new-mown grass. 
 

leaf alcohol 
CH3CH2CH=CHCH2CH2OH 

 
What will be formed when ‘leaf alcohol’ is oxidised using an excess of hot acidified K2Cr2O7(aq)? 

A CH3CH2CH(OH)CH(OH)CH2CO2H 

B CH3CH2COCOCH2CO2H 

C CH3CH2CH=CHCH2CO2H 

D CH3CH2CO2H and HO2CCH2CO2H 
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24 Three statements about ammonia molecules and ammonium ions are given. 
 

1 In aqueous solution, ammonia molecules form coordinate bonds with hydroxide 
ions. 

2 Ammonium ions are Brønsted–Lowry acids. 

3 The H–N–H bond angle is larger in the ammonium ion than in the ammonia 
molecule. 

 
Which statements are correct? 

A 1 and 2 only B 1 and 3 only C 2 and 3 only D 1, 2 and 3 
 
 
25 Ethene reacts with steam in the presence of sulfuric acid. 
 

C2H4  +  H2O    CH3CH2OH 
 

Which type of reaction is this? 

A acid–base 

B addition 

C hydrolysis 

D substitution 
 
 
26 Compound Z has the molecular formula C4H8O2. 
 

Compound Z reacts with propan-1-ol in the presence of concentrated H2SO4. 
 

The diagram shows the skeletal formulae of three compounds, S, T and U. 
 

O

O

S
O

O

T
O

O

U

 
 

What are the possible skeletal formulae of the products of the reaction between compound Z and 
propan-1-ol? 

A S and T B U only C S and U D T only 
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27 Geraniol and nerol are isomers of each other. 
 

C

C C

C

H

H
H2C

H3C

H3C

C C

HH3C

H3C

CH3

CH2OH
H2C

geraniol

C
C

CH2OH
H2C

CH3

H
H2C

nerol

 
 

Which type of isomerism is shown here? 

A chain 

B geometrical (cis / trans) 

C optical 

D positional 
 
 
28 Which compound has the greatest number of stereoisomers? 

A 2-methylhex-2-ene 

B 3-methylhex-2-ene 

C 4-methylhex-2-ene 

D 5-methylhex-2-ene  
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31 The reaction of chlorine with methane is carried out in the presence of light. 
 

What is the function of the light? 

A to break the C–H bonds in methane 

B to break the chlorine molecules into atoms 

C to break the chlorine molecules into ions 

D to heat the mixture 
 
 
32 When X is added to NaOH(aq) and heated under reflux, pentan-2-ol is made. 
 

Which organic product is made when X is heated with a solution of KCN dissolved in ethanol? 
 

CN

A B

CN

D

CN

C

CN

 
 
 
33 1-chlorobutane and 1-iodobutane both react with aqueous sodium hydroxide by a nucleophilic 

substitution mechanism. 
 

Which reaction has the greatest rate under the same conditions and which mechanism is 
followed by this reaction? 

 
 greatest rate mechanism 

A 1-chlorobutane SN1 

B 1-chlorobutane SN2 

C 1-iodobutane SN1 

D 1-iodobutane SN2 
 
 
34 Compound Y reacts with alkaline I2(aq). When the products of this reaction are acidified, a 

dicarboxylic acid is produced. The formula of the dicarboxylic acid is HOOC–R–COOH where R 
consists of one or more CH2 groups. 

 
Which compound is Y? 

A pentan-1,4-diol 

B pentan-1,5-diol 

C pentan-2,3-diol 

D pentan-2,4-diol 
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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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37 A molecule of hexane can be cracked in a number of different ways. 
 

Three compounds are listed. 
 

1 C3H8 

2 C4H8 

3 C5H12 
 

Which compounds are found in the mixture of products from the cracking of hexane molecules? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
38 The diagrams show the structures of two isomeric dicarboxylic acids, X and Y. 
 

O O

C C

X

C

H

C
C

HOHHO

H

O

C

Y

C

C
OH

HO

H

O

 
 

X can be reduced to compound P with empirical formula C2H5O. 
 

Y can be reduced to compound Q, also with empirical formula C2H5O. 
 

Which statement is correct? 

A X is a cis isomer; compound P and compound Q are identical. 

B X is a cis isomer; compound P and compound Q are isomers of each other. 

C X is a trans isomer; compound P and compound Q are identical. 

D X is a trans isomer; compound P and compound Q are isomers of each other. 
 
 
39 What is the total number of sp3 hybridised atomic orbitals used in the bonding of but-2-ene? 

A 2 B 4 C 6 D 8 
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37 A molecule of hexane can be cracked in a number of different ways. 
 

Three compounds are listed. 
 

1 C3H8 

2 C4H8 

3 C5H12 
 

Which compounds are found in the mixture of products from the cracking of hexane molecules? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
38 The diagrams show the structures of two isomeric dicarboxylic acids, X and Y. 
 

O O

C C

X

C

H

C
C

HOHHO

H

O

C

Y

C

C
OH

HO

H

O

 
 

X can be reduced to compound P with empirical formula C2H5O. 
 

Y can be reduced to compound Q, also with empirical formula C2H5O. 
 

Which statement is correct? 

A X is a cis isomer; compound P and compound Q are identical. 

B X is a cis isomer; compound P and compound Q are isomers of each other. 

C X is a trans isomer; compound P and compound Q are identical. 

D X is a trans isomer; compound P and compound Q are isomers of each other. 
 
 
39 What is the total number of sp3 hybridised atomic orbitals used in the bonding of but-2-ene? 

A 2 B 4 C 6 D 8 
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27 Information about carbonyl compound X is given. 
 

● Compound X reacts with LiAl H4 to produce a secondary alcohol. 

● Compound X reacts with alkaline I2(aq) to give a yellow precipitate. 
 

What is compound X? 

A butanal 

B butanone 

C ethanal 

D pentan-3-one 
 
 
28 An organic compound J reacts with an excess of sodium to produce an organic ion with a charge 

of –3. J reacts with an excess of NaOH(aq) to produce an organic ion with a charge of –1. 
 

What is the structural formula of J? 

A HOCH2CH(OH)CH2CO2H 

B HO2CCH(OH)CH2CHO 

C HO2CCH(OH)CH2CO2H 

D HOCH2COCH2CHO 
 
 
29 Which formula represents the organic compound formed by the reaction of propanoic acid with 

methanol in the presence of concentrated sulfuric acid as a catalyst? 

A CH3CH2COCH3 

B CH3CH2CO2CH3 

C CH3CO2CH2CH3 

D CH3CH2CH2CO2CH3 
 
 
30 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

2,5-dibromohexane is heated under reflux with ethanolic KOH. 
 

How many isomeric compounds are formed with molecular formula C6H10? 

A 3 B 5 C 6 D 7 
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35 Two reactions are described. 
 

1 2-bromo-2-methylbutane heated with NaOH(aq) 

2 2-chloro-2-methylbutane heated with NaOH(aq) 
 

In both reactions, the conditions are the same and NaOH(aq) is in excess. 
 

30.18 g of 2-bromo-2-methylbutane forms 12.32 g of product X. 
 

[Mr:  2-bromo-2-methylbutane, 150.9;  2-chloro-2-methylbutane, 106.5] 
 

Which row is correct? 
 

 percentage yield 
of product X / % 

relative rate 
of reaction 

A 41 1 is faster than 2 

B 41 2 is faster than 1 

C 70 1 is faster than 2 

D 70 2 is faster than 1 
 
 
36 An alkene P reacts with an excess of hot concentrated acidified KMnO4(aq). 
 

Methylpropanoic acid is the only organic product. 
 

What is alkene P? 

A 2,5-dimethylhex-3-ene 

B 2-methylbut-2-ene 

C methylpropene 

D oct-4-ene, C8H16 
 
 
37 Three substances are listed. 
 

1 butane 

2 hydrogen 

3 hydrogen bromide 
 

Which substances are possible products of the free-radical substitution reaction between ethane 
and bromine? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
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35 Two reactions are described. 
 

1 2-bromo-2-methylbutane heated with NaOH(aq) 

2 2-chloro-2-methylbutane heated with NaOH(aq) 
 

In both reactions, the conditions are the same and NaOH(aq) is in excess. 
 

30.18 g of 2-bromo-2-methylbutane forms 12.32 g of product X. 
 

[Mr:  2-bromo-2-methylbutane, 150.9;  2-chloro-2-methylbutane, 106.5] 
 

Which row is correct? 
 

 percentage yield 
of product X / % 

relative rate 
of reaction 

A 41 1 is faster than 2 

B 41 2 is faster than 1 

C 70 1 is faster than 2 

D 70 2 is faster than 1 
 
 
36 An alkene P reacts with an excess of hot concentrated acidified KMnO4(aq). 
 

Methylpropanoic acid is the only organic product. 
 

What is alkene P? 

A 2,5-dimethylhex-3-ene 

B 2-methylbut-2-ene 

C methylpropene 

D oct-4-ene, C8H16 
 
 
37 Three substances are listed. 
 

1 butane 

2 hydrogen 

3 hydrogen bromide 
 

Which substances are possible products of the free-radical substitution reaction between ethane 
and bromine? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
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34 Propanoic acid reacts with LiAl H4 to give organic product P. 
 

Methanoic acid reacts with organic product P, in the presence of a few drops of concentrated 
sulfuric acid, to give organic product Q. 

 
What are the skeletal formulae of the two organic products? 

 
 organic product P organic product Q 

A OH 
O

O

B OH 
O

O

C O 
O

O

D O 
O

O

 
 
35 Samples of the gases CH3Cl and Cl 2 are mixed together and irradiated with ultraviolet light. 
 

Which compound is produced by a termination step in the reaction? 

A HCl B CH2=CH2 C CH2Cl CH2Cl D H2 
 
 
36 Propan-1-ol, C3H7OH, is dehydrated by passing its vapour over hot aluminium oxide to give a 

hydrocarbon. 
 

Which structural formula represents the product obtained when the hydrocarbon reacts with 
bromine? 

 

H C

H

H

H

H

H

H

C C Br

A

H C

H

H

Br

H

H

H

C C H

B

H C

H

H

H

H

Br

H

C C Br

C

H C

H

H

Br

H

Br

H

C C H

D
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34 Propanoic acid reacts with LiAl H4 to give organic product P. 
 

Methanoic acid reacts with organic product P, in the presence of a few drops of concentrated 
sulfuric acid, to give organic product Q. 

 
What are the skeletal formulae of the two organic products? 

 
 organic product P organic product Q 

A OH 
O

O

B OH 
O

O

C O 
O

O

D O 
O

O

 
 
35 Samples of the gases CH3Cl and Cl 2 are mixed together and irradiated with ultraviolet light. 
 

Which compound is produced by a termination step in the reaction? 

A HCl B CH2=CH2 C CH2Cl CH2Cl D H2 
 
 
36 Propan-1-ol, C3H7OH, is dehydrated by passing its vapour over hot aluminium oxide to give a 

hydrocarbon. 
 

Which structural formula represents the product obtained when the hydrocarbon reacts with 
bromine? 

 

H C

H

H

H

H

H

H

C C Br

A

H C

H

H

Br

H

H

H

C C H

B

H C

H

H

H

H

Br

H

C C Br

C

H C

H

H

Br

H

Br

H

C C H

D
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37 Alkane S has molecular formula C4H10. 
 

S reacts with Cl 2(g) in the presence of sunlight to produce only two different monochloroalkanes, 
C4H9Cl. Both of these monochloroalkanes are treated with hot ethanolic KOH. They both produce 
the same alkene T, and no other organic products. 

 
What is produced when T is treated with hot concentrated acidified KMnO4? 

A CO2 and CH3CH2CO2H 

B CO2 and CH3COCH3 

C HCO2H and CH3COCH3 

D CH3CO2H only 
 
 
38 Including structural isomers and stereoisomers, how many isomers are there of C2H2Br2? 

A 2 B 3 C 4 D 5 
 
 
39 Which compound exhibits stereoisomerism? 

A 1,1-dichloropropene 

B 2,3-dichloropropene 

C 1,2-dichloropropane 

D 1,3-dichloropropane 
 
 
40 The mass spectrum of CH3Cl shows a molecular ion peak, M+, at the m / e value of 50 with a 

relative abundance of 18.0%. 
 

Other peaks are present in the mass spectrum. 
 

What is seen in the mass spectrum at the m / e value of 52? 

A a peak with relative abundance of 4.5% 

B a peak with relative abundance of 6.0% 

C a peak with relative abundance of 18.0% 

D a peak with relative abundance of 54.0% 
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37 Alkane S has molecular formula C4H10. 
 

S reacts with Cl 2(g) in the presence of sunlight to produce only two different monochloroalkanes, 
C4H9Cl. Both of these monochloroalkanes are treated with hot ethanolic KOH. They both produce 
the same alkene T, and no other organic products. 

 
What is produced when T is treated with hot concentrated acidified KMnO4? 

A CO2 and CH3CH2CO2H 

B CO2 and CH3COCH3 

C HCO2H and CH3COCH3 

D CH3CO2H only 
 
 
38 Including structural isomers and stereoisomers, how many isomers are there of C2H2Br2? 

A 2 B 3 C 4 D 5 
 
 
39 Which compound exhibits stereoisomerism? 

A 1,1-dichloropropene 

B 2,3-dichloropropene 

C 1,2-dichloropropane 

D 1,3-dichloropropane 
 
 
40 The mass spectrum of CH3Cl shows a molecular ion peak, M+, at the m / e value of 50 with a 

relative abundance of 18.0%. 
 

Other peaks are present in the mass spectrum. 
 

What is seen in the mass spectrum at the m / e value of 52? 

A a peak with relative abundance of 4.5% 

B a peak with relative abundance of 6.0% 

C a peak with relative abundance of 18.0% 

D a peak with relative abundance of 54.0% 
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35 Which row shows the products formed when cyclohexene reacts with acidified KMnO4 under 
different conditions? 

 

 product formed on reaction with 
cold, dilute acidified KMnO4 

product formed on reaction with 
hot, concentrated acidified KMnO4 

A 

OH

OH 

O

OH
HO

O  

B 

O

OH
HO

O  

OH

OH 

C 

O

O 

O

H
H

O  

D 

O

H
H

O  

O

O 

 
 
36 Two steps in the free-radical substitution reaction between methane and chlorine are shown. 
 

step 1 CH3•  +  Cl 2    CH3Cl  +  Cl • 

step 2 CH3Cl  +  Cl •    CH2Cl •  +  HCl 
 

Which statement is correct? 

A Step 1 is initiation and step 2 is propagation. 

B Step 1 is propagation and step 2 is termination. 

C Step 1 is initiation and step 2 is termination. 

D Both steps are propagation. 
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35 Which row shows the products formed when cyclohexene reacts with acidified KMnO4 under 
different conditions? 

 

 product formed on reaction with 
cold, dilute acidified KMnO4 

product formed on reaction with 
hot, concentrated acidified KMnO4 

A 

OH

OH 

O

OH
HO

O  

B 

O

OH
HO

O  

OH

OH 

C 

O

O 

O

H
H

O  

D 

O

H
H

O  

O

O 

 
 
36 Two steps in the free-radical substitution reaction between methane and chlorine are shown. 
 

step 1 CH3•  +  Cl 2    CH3Cl  +  Cl • 

step 2 CH3Cl  +  Cl •    CH2Cl •  +  HCl 
 

Which statement is correct? 

A Step 1 is initiation and step 2 is propagation. 

B Step 1 is propagation and step 2 is termination. 

C Step 1 is initiation and step 2 is termination. 

D Both steps are propagation. 
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29 When 0.010 mol of a hydrocarbon X reacts with 720 cm3 of hydrogen at room conditions, an 
alkane is formed. 

 
What is hydrocarbon X? 

 
A B

C D

 
 
 
30 An alkene reacts with hot concentrated acidified KMnO4 to produce a single organic product as 

shown. 
 

O O

OH

hot concentrated
acidified KMnO4(aq)

alkene

 
 

What is the structure of the alkene? 
 

A B C D

 
 
 



9701 Chemistry Paper 1 - Hydrocarbons
Topical questions | 175 questions

170. Question | 9701 May-June 2025 P1 V4 Q30

12 

© UCLES 2025 9701/14/M/J/25  

29 When 0.010 mol of a hydrocarbon X reacts with 720 cm3 of hydrogen at room conditions, an 
alkane is formed. 

 
What is hydrocarbon X? 

 
A B

C D

 
 
 
30 An alkene reacts with hot concentrated acidified KMnO4 to produce a single organic product as 

shown. 
 

O O

OH

hot concentrated
acidified KMnO4(aq)

alkene

 
 

What is the structure of the alkene? 
 

A B C D
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26 The skeletal formulas of two compounds are shown. 
 

progesterone

O

O

testosterone

OH

O  
 

Which statements about progesterone and testosterone are correct? 

A They both contain a ketone group, and they both have geometrical isomers due to the C=C 
bond. 

B They have the same molecular formula, and they both have geometrical isomers. 

C They have the same number of chiral carbons, and they have the same molecular formula. 

D They have the same number of chiral carbons, and they both contain a ketone group. 
 
 
27 Which intermediate ion forms in the greatest amount during the addition of HBr to propene? 

A CH3CH+CH3 

B CH3CH2CH2
+ 

C CH3CH–CH2Br 

D CH3CHBrCH2
– 

 
 
28 Two hydrocarbons, R–CH3 and R'–CH3, react separately with bromine in the presence of 

ultraviolet light. One of these hydrocarbons is unsaturated. 
 

In each case, free radical substitution reactions occur. 
 

R is CH3CHC(CH3). 
 

R' is CH3CH(CH3)CH2. 
 

Which row is correct? 
 

 a propagation stage for 
the saturated hydrocarbon 

a termination stage for 
the unsaturated hydrocarbon 

A R–CH2•  +  Br•    R–CH2Br R'–CH2•  +  Br•    R'–CH2Br 

B R–CH2•  +  Br2    R–CH2Br  +  Br• R'–CH2•  +  Br2    R'–CH2Br  +  Br• 

C R'–CH3  +  Br•    R'–CH2•  +  HBr 2R–CH2•    R–CH2CH2–R 

D 2R'–CH2•    R'–CH2CH2–R' R–CH3  +  Br•    R–CH2•  +  HBr 
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24 Four reaction mixtures are listed. 
 

1 (NH4)2SO4(aq) and NaOH 

2 NH4Cl (aq) and Ba(OH)2 

3 NH4Cl (aq) and Na2O 

4 (NH4)3PO4(aq) and HCl 
 

Which reaction mixtures produce ammonia as a product? 

A 1, 2 and 3 B 1 and 2 only C 2 and 3 only D 3 and 4 only 
 
 
25 Two statements about a molecule of methanal are given. 
 

1 It is planar. 

2 It contains three  bonds. 
 

Which statements are correct? 

A both 1 and 2 

B 1 only 

C 2 only 

D neither 1 nor 2 
 
 
26 The structure of disodium cromoglycate is shown. 
 

O OCH

OH

O ONaO2C

OCH2 CH2O

CO2Na

disodium cromoglycate

 
 

How many chiral centres are there in this molecule? 

A 0 B 1 C 2 D 3 
 
 
27 What is the major product when 2-methylpent-2-ene reacts with hydrogen bromide? 

A 1-bromo-2-methylpentane 

B 2-bromo-2-methylpentane 

C 3-bromo-2-methylpentane 

D 4-bromo-2-methylpentane 
 

173. Question | 9701 Oct-Nov 2025 P1 V2 Q28 10 

© UCLES 2025 9701/12/O/N/25  

28 Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions. 
 

What is the major product? 

A CH3CH2CH(OH)CH(OH)CH3 

B CH3CH2COCOCH3 

C a mixture of CH3CH2CH(OH)CH2CH3 and CH3CH2CH2CH(OH)CH3 

D CH3CH2COOH and CH3COOH 
 
 
29 Limonene is an oil formed in the peel of citrus fruits. 
 

C
CH2CH3

CH3

limonene

 
 

Which product is formed when an excess of bromine, Br2(l), reacts with limonene at room 
temperature in the dark? 

 

C
CH2CH3

CH3

A

Br
C

CH2CH3

CH3

B

Br
Br

C CH2Br

CH3

CH3

C

Br

CH2BrCH3

Br

C

CH3

D

Br
Br

 
 
 
30 Which reaction mixture produces a nitrile? 

A halogenoalkane with KCN in ethanol 

B halogenoalkane with NH3 in ethanol 

C ketone with 2,4-DNPH 

D carboxylic acid with NH3 in water 
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28 Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions. 
 

What is the major product? 

A CH3CH2CH(OH)CH(OH)CH3 

B CH3CH2COCOCH3 

C a mixture of CH3CH2CH(OH)CH2CH3 and CH3CH2CH2CH(OH)CH3 

D CH3CH2COOH and CH3COOH 
 
 
29 Limonene is an oil formed in the peel of citrus fruits. 
 

C
CH2CH3

CH3

limonene

 
 

Which product is formed when an excess of bromine, Br2(l), reacts with limonene at room 
temperature in the dark? 

 

C
CH2CH3

CH3

A

Br
C

CH2CH3

CH3

B

Br
Br

C CH2Br

CH3

CH3

C

Br

CH2BrCH3

Br

C

CH3

D

Br
Br

 
 
 
30 Which reaction mixture produces a nitrile? 

A halogenoalkane with KCN in ethanol 

B halogenoalkane with NH3 in ethanol 

C ketone with 2,4-DNPH 

D carboxylic acid with NH3 in water 
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26 The skeletal formulas of two compounds are shown. 
 

progesterone

O

O

testosterone

OH

O  
 

Which statements about progesterone and testosterone are correct? 

A They both contain a ketone group, and they both have geometrical isomers due to the C=C 
bond. 

B They have the same molecular formula, and they both have geometrical isomers. 

C They have the same number of chiral carbons, and they have the same molecular formula. 

D They have the same number of chiral carbons, and they both contain a ketone group. 
 
 
27 Which intermediate ion forms in the greatest amount during the addition of HBr to propene? 

A CH3CH+CH3 

B CH3CH2CH2
+ 

C CH3CH–CH2Br 

D CH3CHBrCH2
– 

 
 
28 Two hydrocarbons, R–CH3 and R'–CH3, react separately with bromine in the presence of 

ultraviolet light. One of these hydrocarbons is unsaturated. 
 

In each case, free radical substitution reactions occur. 
 

R is CH3CHC(CH3). 
 

R' is CH3CH(CH3)CH2. 
 

Which row is correct? 
 

 a propagation stage for 
the saturated hydrocarbon 

a termination stage for 
the unsaturated hydrocarbon 

A R–CH2•  +  Br•    R–CH2Br R'–CH2•  +  Br•    R'–CH2Br 

B R–CH2•  +  Br2    R–CH2Br  +  Br• R'–CH2•  +  Br2    R'–CH2Br  +  Br• 

C R'–CH3  +  Br•    R'–CH2•  +  HBr 2R–CH2•    R–CH2CH2–R 

D 2R'–CH2•    R'–CH2CH2–R' R–CH3  +  Br•    R–CH2•  +  HBr 
 


