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

–CH2–C(CH3)2–CH(CH3)–CH2– 
 

What are the two monomers? 

A but-1-ene and propene 

B but-2-ene and propene 

C ethene and pent-2-ene 

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

X  +  3[O]    Y  +  H2O 
 

Compound Y is the only organic product of the reaction. 
 

Which compound is X? 
 

HO C

H

H

C

H

A

OH

C

OH

H

H

HO C

H

H

C

H

B

H2C

C

OH

OH
H

HO C

H

C

H

C

CH
CH3

C

O

H

O

O

HO

C

H

C

H

D

C

C

O

H

H  
 
 
34 Three mixtures are heated under reflux. 
 

Which mixtures will produce sodium propanoate as one product? 
 

1 CH3CH2CHO  +  NaBH4(aq) 

2 CH3CH2CH2OH  +  Na(s) 

3 CH3CH2CN  +  NaOH(aq) 
 

A 1, 2 and 3 B 1 and 2 only C 2 and 3 only D 3 only 
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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Important values, constants and standards

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

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

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

Vm = 24.0 dm3 mol–1 at room conditions

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

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

For each test you should record all your observations in the spaces provided.

Examples of observations include:

• colour changes seen

•  the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given.

If any solution is warmed, a boiling tube must be used. If a solid is heated, a hard-glass test-tube must 

be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3 Half-fill the 250 cm3 beaker with water and place it on a tripod and gauze. Heat the water until 

boiling then switch off your Bunsen burner. This will be your hot water bath for use in (b)(i). Start 

(a)(i) while the water is heating.

 (a) FA 4 is an aqueous solution containing three ions. One ion is not listed in the Qualitative 

analysis notes. FA 5 is an aqueous solution containing two ions. The cation in FA 5 is listed in 

the Qualitative analysis notes. The anions in both FA 4 and FA 5 contain sulfur.

  (i) Carry out the following tests using a 1 cm depth of either FA 4 or FA 5 in a test-tube. 

   Record your observations in Table 3.1.
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Table 3.1

test
observations

FA 4 FA 5

Test 1 

Add aqueous 

sodium hydroxide.

Test 2 

Add aqueous ammonia.

Test 3 

Add aqueous 

sodium carbonate.

Test 4 

Add aqueous barium chloride 

or aqueous barium nitrate.

Test 5 

Add acidified aqueous 

potassium manganate(VII).

 [5]

  (ii) From your observations in (a)(i), deduce the identities of the ions present in FA 4 and 

FA 5. Give the formula of each ion in Table 3.2. If you are unable to identify an ion write 

‘unknown’.

Table 3.2

ions present FA 4 FA 5

cations

anions

 [3]
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 (b) (i) Both FA 6 and FA 7 are one of propan-1-ol, propan-2-ol, methanoic acid or ethanoic 

acid. You will carry out tests to investigate the identities of FA 6 and FA 7. For each test 

use a 1 cm depth of FA 6 or FA 7 in a test-tube. Record your observations in Table 3.3.

Table 3.3

test
observations

FA 6 FA 7

Test 1 

Add a few drops of acidified 

aqueous potassium 

manganate(VII), then

place the test-tube in the hot 

water bath.

Test 2 

Add a 2 cm depth of aqueous 

iodine followed by drops of 

aqueous sodium hydroxide 

until the colour just disappears.

If no reaction is visible, place 

the test-tube in the hot water 

bath.

Test 3 

Add aqueous 

sodium carbonate.

 [3]

  (ii) From your observations in (b)(i) deduce the identities of FA 6 and FA 7. Give reasons for 

your answers.

   FA 6 is ..............................

reasons  .............................................................................................................................

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

   FA 7 is ..............................

reasons  .............................................................................................................................

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

 [2]
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 (c) A student carrying out a similar set of tests identifies two unknown compounds to be ethanol 

and propanoic acid.

  Write an equation for the reaction between these two compounds.

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

 [Total: 14]
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Qualitative analysis notes

1 Reactions of cations

cation reaction with

NaOH(aq) NH3(aq)

aluminium, Al 3+(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH4
+(aq) no ppt.

ammonia produced on warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 

giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale blue ppt. soluble in excess 

giving dark blue solution

iron(II), Fe2+(aq) green ppt. turning brown on

contact with air

insoluble in excess

green ppt. turning brown on

contact with air

insoluble in excess

iron(III), Fe3+(aq) red-brown ppt. insoluble in excess red-brown ppt. insoluble in excess

magnesium, Mg2+(aq) white ppt. insoluble in excess white ppt. insoluble in excess

manganese(II), Mn2+(aq) off-white ppt. rapidly turning brown

on contact with air

insoluble in excess

off-white ppt. rapidly turning brown

on contact with air

insoluble in excess

zinc, Zn2+(aq) white ppt. soluble in excess white ppt. soluble in excess

2 Reactions of anions

anion reaction

carbonate, CO3
2– CO2 liberated by dilute acids

chloride, Cl –(aq) gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide, Br –(aq) gives cream / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate, NO3
–(aq) NH3 liberated on heating with OH–(aq) and Al foil

nitrite, NO2
–(aq) NH3 liberated on heating with OH–(aq) and Al foil;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white/pale yellow ppt. slowly with H+
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3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue-black colour on addition of starch solution

Important values, constants and standards

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

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

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

Vm = 24.0 dm3 mol–1 at room conditions

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

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