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31 Which reaction is classified as SN1? 

A the reaction of 1-chloropropane with ammonia in ethanol 

B the reaction of 1-chloropropane with potassium hydroxide in ethanol 

C the reaction of 2-chloro-2-methylpropane with potassium cyanide in ethanol 

D the reaction of 2-chloro-2-methylpropane with potassium hydroxide in ethanol 
 
 
32 Which reaction mixture produces a primary alcohol as the major product? 

A propanone with NaBH4 

B propene with steam in the presence of H3PO4 

C butanoic acid with LiAl H4 

D ethene with hot concentrated acidified KMnO4 
 
 
33 HOCH2CHO is heated under reflux with an excess of acidified K2Cr2O7 until there is no further 

reaction. 
 

What is the final product of this reaction? 

A HOOCCHO 

B HOCH2COOH 

C HOOCCOOH 

D HOOCCH2COOH 
 
 
34 An organometallic lithium compound, RLi, contains the nucleophile R–. 
 

CH3CH2Li reacts with pentan-2-one. The mechanism is nucleophilic addition. The first step 
produces an anion which is then protonated to form the final product. 

 
Which organic product is formed? 

 

OH

A

OH

B C

OH

D

OH
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35 Which compound is a product of the hydrolysis of CH3CO2CH2C2H5 using aqueous 
sodium hydroxide? 

A CH3CO2
–Na+ 

B CH3CO2H 

C C2H5CH2O–Na+ 

D C2H5CH2CO2
–Na+ 

 
 
36 Compound Q reacts when heated with HCN in the presence of a catalyst to produce 

compound R. 
 

Molecules of compound R each contain four carbon atoms. 
 

What is compound Q? 
 

O

B

O

OH

A

O
H

D

Cl

C

 
 
 
37 The table shows the reagents and products of three reactions. 
 

 reagents products 

1 ethanoic acid + Na2CO3 CH3CO2Na  +  H2O  +  CO2 

2 ethanoic acid + Mg (CH3CO2)2Mg  +  H2O 

3 ethanoic acid + CH3OH CH3CO2CH3  +  H2O 
 

Which rows are correct? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
38 Seven aldehydes and ketones 
 

● contain only one oxygen atom per molecule 

● have four or fewer carbon atoms in their structures. 
 

Alkaline I2(aq) is added to each of these carbonyl compounds separately. 
 

How many of these carbonyl compounds produce a yellow precipitate with alkaline I2(aq)? 

A 1 B 2 C 3 D 4 
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34 Three tests were performed on an unknown organic compound. 
 

test reagent test result 

2,4-DNPH reagent orange ppt 

Tollens’ reagent no change 

alkaline I2(aq) yellow ppt 
 

What is the organic compound tested? 
 

A

O
I

O

CB

O O

D
I

O  
 
 
35 Butanone, CH3CH2COCH3, and HCN mixed with a little KCN react together in a nucleophilic 

addition reaction. 
 

Which description of the mechanism of this nucleophilic addition reaction is correct? 

A The  bond pair of C=O accepts H+ from HCN and then CN– acts as a nucleophile. 

B A  bond pair from CN– attacks the + C and HCN then donates H+ to O. 

C The lone pair on O accepts H+ from HCN and then CN– acts as a nucleophile. 

D A lone pair from CN– attacks the + C and then O– accepts H+ from HCN. 
 
 
36 The structural formula of compound P is CH3CH2COOCH2CH3. 
 

P can be formed by reacting together two organic compounds in the presence of a suitable 
catalyst. 

 
Which pair of compounds could react together to produce P? 

A ethanoic acid and propanoic acid 

B ethanoic acid and propan-1-ol 

C ethanol and propanoic acid 

D ethanol and propan-1-ol 
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3 Propan-2-ol, (CH3)2CHOH, is sometimes added to fuel to help it burn.

 Fig. 3.1 shows some reactions of propan-2-ol.

OH

CH3CO2
– and CHI3

reaction 3

concentrated

H2SO4

reaction 1

acidified K2Cr2O7

reaction 2
alkaline

I2(aq)

propan-2-ol

L

K

Fig. 3.1

 (a) (i) Draw the structure of organic compound K.

 [1]

  (ii) State an observation you would make in reaction 2.

 .....................................................................................................................................  [1]

  (iii) State the type of reaction that is shown in reaction 3.

 .....................................................................................................................................  [1]

  (iv) Complete Fig. 3.2 to show the pi (π) bond in L that is formed from orbital overlap.

H H
C C

H3C H

Fig. 3.2

 [1]
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 (b) Propan-2-ol reacts with sodium to produce (CH3)2CH–O – anions.

  These anions react with 2-bromopropane to form compound N, as shown in Fig. 3.3.

Br (CH3)2CH–O– O

N

Fig. 3.3

  (i) Write an equation for the reaction of propan-2-ol with sodium.

 .....................................................................................................................................  [1]

  (ii) The reaction of 2-bromopropane with (CH3)2CH–O – anions follows an SN1 mechanism.

   Complete Fig. 3.4 to show this mechanism. Include charges, dipoles, lone pairs of 

electrons and curly arrows, as appropriate.

(CH3)2CH–O–

H3C C Br

CH3

H

H3C C

CH3

CH3

H

OC

CH3

H

Fig. 3.4

 [3]

  (iii) Suggest how the rate of the SN1 reaction would change, if at all, if 2-chloropropane were 

used instead of 2-bromopropane.

   Explain your answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

  (iv) N is also added to petrol to make it burn more smoothly.

   Construct an equation for the complete combustion of N, C6H14O.

C6H14O  ........................................................................................................................  [1]

 [Total: 11]
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9 (a) Explain why amides are much weaker bases than amines.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 (b) Fig. 9.1 shows the preparation of 2-phenylethylamine, C6H5CH2CH2NH2, by three different 

routes.

H2 /Ni
M

N

O

NH2

NH2

reaction 1

2-phenylethylamine

NH3

Fig. 9.1

  (i) Suggest structures for compounds M and N and draw them in the boxes in Fig. 9.1. [2]

  (ii) Give the reagents and conditions for reaction 1.

 .....................................................................................................................................  [1]
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 (c) Fig. 9.2 shows compound H which is a useful starting material in organic synthesis.

O

N

H

H

Fig. 9.2

  H contains an alkene and an amine functional group.

  Name the other functional group and give the classification of the amine group in H.

  other functional group in H ................................................

  classification of amine  ................................................

 [1]

 (d) Ozonolysis involves the oxidative cleavage of a C=C bond in alkenes using ozone, O3, as 

shown in Fig. 9.3.

R1

R2

R3
O3

R2

R1
R3

R4R4

O O+

Fig. 9.3

  Fig. 9.4 shows the first step in this reaction which involves the formation of an ozonide 

intermediate.

R1

R2

R3

R4

R2
R1 R4

R3

OO

O

O O

O

+

-

ozonide

Fig. 9.4

  (i) On Fig. 9.4, draw three curly arrows to complete the mechanism of this step. [2]

* 0000800000025 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

6



A-Level Chemistry: w25 41Name: 26

9701/41/O/N/25© UCLES 2025

  (ii)  L is formed from alkene K, C8H14, by a similar reaction to that shown in Fig. 9.3.

O O

L

   Suggest the structure of K.

K  C8H14

 [1]

 [Total: 9]
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Important values, constants and standards

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

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

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

Vm = 24.0 dm3 mol–1 at room conditions

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

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

* 0000800000027 *
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7 P, Q, R, S, T, U, and V are the seven structural isomers with molecular formula C5H10O that have 

a carbonyl group.

 P CH3(CH2)3CHO Q CH3CH2CH(CH3)CHO R (CH3)2CHCH2CHO

 S (CH3)3CCHO T CH3CH2CH2COCH3 U CH3CH2COCH2CH3

 V (CH3)2CHCOCH3

 (a) Only one of these seven compounds has stereoisomers.

  Draw three-dimensional diagrams of the two stereoisomers of this compound.

   

 [2]

 (b) P, Q, R, S, T, U, and V are treated separately with alkaline I2(aq) and the product mixture is 

acidified.

  (i) Identify the two compounds that give a positive result with alkaline I2(aq).

   ............................................................... and ............................................................... [1]

  (ii) Describe the observations when one of the compounds you have identified in (b)(i) is 

treated with alkaline I2(aq) and give the structural formulae of the two carbon-containing 

products of this reaction.

observations  ......................................................................................................................

two carbon-containing products  ........................................................................................

and  ........................................................................................

 [2]
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 P CH3(CH2)3CHO Q CH3CH2CH(CH3)CHO R (CH3)2CHCH2CHO

 S (CH3)3CCHO T CH3CH2CH2COCH3 U CH3CH2COCH2CH3

 V (CH3)2CHCOCH3

 (c) The proton (1H) NMR spectra of P, Q, R, S, T, U, and V are compared.

  (i) Identify the only compound that gives a spectrum with two singlets and no other peaks.

 .....................................................................................................................................  [1]

  Fig. 7.1 shows the spectrum obtained from one of the compounds.

11 10 9 8 7 6 5 4 3 2 1 0

δ / ppm

Fig. 7.1

  (ii) Identify the compound that gives this spectrum.

 .....................................................................................................................................  [1]

  (iii) Name the splitting pattern of the peak at δ = 1.1 in Fig. 7.1.

   Give the reason for this splitting.

name ..............................

reason  ...............................................................................................................................

 [1]

  (iv) Identify the substance that gives the small peak at δ = 0 in Fig. 7.1.

 .....................................................................................................................................  [1]
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 (d) The carbon-13 NMR spectra of R, S, T and U are compared.

  Complete Table 7.1 to state the number of peaks in the spectrum of each compound.

Table 7.1

compound number of peaks

R (CH3)2CHCH2CHO

S (CH3)3CCHO

T CH3CH2CH2COCH3

U CH3CH2COCH2CH3

 [2]

 [Total: 11]
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