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Question 1.
(a) The structure of a halogenoalkane containing bromine is shown in Fig. 1.1

H CH;,

|
H—C —C —Br

|
H H

1) Name the compound s in Fig. 1.1.

[1]

1) State the class of halo alkane to which this compound belong

(1]

EXAM-PAPERS PRACTHCGE
{% ﬁgrﬁénur 0 éi%iﬁiﬁg ﬁeéatlz 11139Nr;a:tlon between the halogenoalkane in

(1 mark)

(c) The compound drawn in Fig. 1.1 in part (a) is reacted with alcoholic potassium cyanide,
KCN. The reaction is heated under reflux.

Draw the product of this nucleophilic substitution reaction.

(1 mark)
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(d) The halogenoalkane drawn in Fig. 1.2 contains a chlorine atom instead of a bromine
atom. This halogenoalkane is reacted under the same conditions outlined in part (c).

The reaction for a halogeneoalkane containin ter than if the
compound in Fig. 1.2 was used. Briefly explain why this reactio uld be faster.

EXAMPAPERS PRACFHFICE
Question 211
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(a) Fig. 2.1 shows the reaction profile for the production of propene.

step 1 step 2
Propane —* 1-chloropropane — Propene

Fig. 2.1

i) State the conditions required for step 1.

[2]

ii)  Name the mechani or step 1.

[1]

EXAM PAPERS PRACTICE
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The mechanism for step 1 in part (@) involves three different steps, initiation,
propagation and termination.

Initiation:
Elz — 2Cle

Propagation:
Equation 1
Equation 2

Termination:
'EI e+ CH3CH2EH2|

The two propagation st ns that are required for

this step.

(b) (2 marks)

EXAM.EARPERS PRACTIC

Copyright =

© ig Uz&a&'ﬁ%&@ﬁ ahd rEJ@E&U}enditions for step 2.
(3]

(4 marks)
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Question 3.

(a) Many of the reactions of halogenoalkanes involve a nucleophile attacking the carbon
attached to the halogen atom. The nucleophile replaces the halogen atom in a
nucleophilic substitution reaction.

The mechanism for the reaction is determined by the structure of the halogenoalkane.
Primary and tertiary halogenoalkanes react via different reaction mechanisms.

i) State what is meant by the term tertiary halogenoalkane.

1]
ii)  Tertiary halogenoal s react via an Sy1 mechanism, w s primary
halogenoalkanes re ia an Sn2 mec
Explain what the nu rs 1 and 2 refe
1]

EXAM PAPERS PRACTICE
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(b) 2-bromo-2-methylpropane reacts with hydroxide ions via an Sy1 mechanism.

i) The incomplete reaction mechanism for the reaction is shown in Fig. 3.1
Complete the reaction mechanism shown in Fig. 3.1 clearly showing any partial
charges, full charges and the transfer of electrons.

[3]

CH; CH;, CH,
HC—C —Br —P1y ne— _ & -on Stew2, H:,,C—t'l.‘,—OH
¢ h,
+Br-
=
ii) Identify which, step p2i

1]

EXAM PAPERS PRACTICE
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(c) An ethanolic solution of excess ammonia (NHs in ethanol) is heated under pressure with
2-bromo-2-methylpropane.

i) Draw the structure of the resulting organic product.

(1]

ii)  State the name of the functional group of the organic product.

[2]

(3 marks)

Question 4.

EXAM PAPERS PRACTICE
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(a) The molecular formula C3Hg represents the compounds propene and cyclopropane are
shown in Fig. 1.1.

H

I
H O\ H
CH,CH==CH, | / H\ |
| |

H
p ne pr e
Fi
What is the H-C-H bond the ne?

EXAM-RPAPERS-PRACTICE

Copyright
(8] 202&%%6%@@@@%1;@@ CH3CHCICH,Cl is formed.

State fully what type of reaction this is.

[1]
ii)  When cyclopropane reacts with chlorine, three different compounds with the
molecular formula CaH4Clz can be formed.

Draw displayed structures of each of these three compounds.

[3]

For more help visit our website https://www.exampaperspractice.co.uk/
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(4 marks)
(c) Ethane reacts with chlorine according to the following equation.
CsHg + Cl; — CoHsCl + HC
i) State the conditions needed for this reaction.
[1]
ii)  State the type of reaction occurring h
[1]
(2 marks)

Copyright
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(d) i) One of the steps during the reaction in (c) is the following process.

Cle + CH3CH3 — HCl + CH3CH:e

Table 1.1
Bond Bond enthalpy / k)
mol-!
C-H 410

Use the data in Ta , of this step.

Show your workin

................................ k) mn:n[ll3
Use the data in Table 1.1 to é8#ulate the enthalpy change, AH, of the similar
reaction:
EXAM PAPERS PRACTICE
Copyright
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le + CH3CH3 — HI + CH3CHae

Show your working.

(1]
AH = e k) mol-1
iii)  Hence suggest why it is not possible to make iodoethane by reacting together
iodine and ethane.
(1]
(3 marks)

(e) Complete the following equations Of some possible steps in the formation of

EXAM PAPERS PRACTICE

Copyrights e
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Cle + CHaCH; — HCl + CH3CHye

CH3CHze + .............. e ———— F e

(3 marks)
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Question 5.
(a) This question concerns halogenoalkanes.

1-chloropropane can react to form organic products as shown in the reaction scheme in
Fig. 2.1.

CH,—CHH: CH;'_CH;—CHz—C-"I

Reaction 1 Reaction 2

Fig. 2.1

EXAM BAPERS PRACTIGE

Cﬂp}"ﬂ'g‘tﬂ'f}' a suitable reagent for Reaction 2 and include a reason why this is a

@ 202 PPigary Fﬁé?j'éf[éﬂ f reagtion.in organic chemistry.

[2]
Reagent ...
REASON .
iii)  State the conditions which are used in Reaction 3.
[2]

For more help visit our website https://www.exampaperspractice.co.uk/
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iv)  Write the structural formula of the product that will be formed if 1-chloropropane
is refluxed with aqueous sodium hydroxide solution.

| ————
—
—
iy (7 marks)

EXAM PAPERS PRACTICE
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(1]
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(b) 2-chloro-2-methylpropane can be reacted with aqueous alkali to form 2-methylpropan-
2-ol.

The equation for this reaction is
(CH3)3CCl + OH™ — (CH4)3COH + CI-

The graph in Fig 2.2 shows how the concentration of 2.chloro-2-methylpropane changes
with time during an investigation of this reaction.

[(CH,),CCl]
/ moldm™

EXAM

Copyright

0

@ 2024 Exam Papers Practice TR

100 150 200

Fig. 2.2

Calculate the rate of reaction at 50 s. Show your working on the graph.
Include units with your final answer.

For more help visit our website https://www.exampaperspractice.co.uk/
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Rate of reaction at 50 S = ...oooeoeeeeeeeeeene.

(3 marks)

(c) Whatis the classification
methylpropane with agqu

(1 mark)

EXAM PAPERS PRACTICE
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(d) The letters X, Y and Z refer to three different halogenoalkanes:

X 1-bromobutane
Y 1.iodobutane
z 1-chlorobutane

1 cm? of each of these h
cm? of ethanol and 5 cm

st tubes containing 5
ater bath at 50 °C.

i) State the visible ch itrate solution with
halogenoalkane X.

Include the formu bservation.

[2]
i)  The three halogen
State the order, starting with

ing rate of reaction.
alogenoalkane that reacted the fastest

[1

EXAM-PAPERS PRACTICE
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(3 marks)
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(e) 2-bromo-2-methylpropane can be prepared from the addition of hydrogen bromide,
HBr, to 2-methylpropene.

Draw the mechanism for this reaction.
Include curly arrows, and any relevant dipoles and lone pairs.

(4 marks)

Question 6.

EXAM PAPERS PRACTICE
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(a) One method of making 1-bromobutane in the laboratory is described below.

Step 1 Place 35 g of powdered potassium bromide, 30 cm? of water,
and 25 cm? of butan-1-ol, in a 250 cm? two necked flask fitted
with a tap funnel and reflux condenser.

Step 2 Concentrated sulfuric acid (25 cm?) is then placed in the tap
funnel and added drop by drop to the reagents in the flask,
keeping the contents well shaken and cooled occasionally in
an ice

The overall reaction may dtot . In the first stage, the
inorganic reagents react ther to form H , the organic reagent
reacts with the HBr that is farmed in the first stage.

3 - 7 TP

Copyright
@ 2024 EXAM Papers Praclice

(2 marks)
(b) 1-bromobutane can be prepared using different reagents and conditions.
State two different ways that 1-bromobutane can be prepared.
In each case, include the reagents and conditions that are necessary
(2 marks)
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(c) i) Complete the following reaction scheme shown in Fig. 3.1 which starts with 1-
bromobutane.

In each empty box, write the structural formula of the organic compound that
would be formed.

CchH ECHchEBI'

w X

EXAM HAPERS p#m’r‘” ICE

Copyrigi
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Fig. 3.1

ii)  State the name of the type of reaction that occurs when X is produced from 1-
bromobutane.

(5 marks)

med from 1-br it under reflux with

uses the hydrolysis of 1-bromobu

(d) Compound W can also b
aqueous silver nitrate. Th

Suggest why the rate of the format; f compound W is slower using this method than
heating under reflux with aqueous sodium hydroxide.

EXAM PAPERS PRACTICE

Copynght
@ 2024 Exam F}HPPI’Q Practice

(2 marks)
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Question 7.
(a) This is a question about the hydrolysis of halogenoalkanes.

Devise an experiment, giving outline details only, that would enable the relative rates of
hydrolysis of halogenoalkanes to be compared.

(5 marks)

(b) Explain the trend in the rates of hydr@i§€is of 1-chlorobutane, 1-bromobutane and 1-

iodobutane.

Copyright
@ 2024 Exam Papers Practice (2 marks)

(c) The product of the hydrolysis of 2-bromobutane is butan-2-ol. Both molecules are chiral.

State what is meant by the term chiral, using three-dimensional diagrams of the
enantiomers of butan-2-ol to illustrate your answer.

(3 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(d) Compare and contrast the mechanism of hydrolysis, using aqueous sodium hydroxide,
of the primary halogenoalkane, RCH;X, with that of the tertiary halogenoalkane, RsCX.
Include diagrams of any intermediate or transition state.

Curly arrows are not required.

(6 marks)

=AM PAPERS PRACTICE

(a) Give the structures of the four structural isomers of C4HgBr and identify each as primary,
C@Wi:gh’[or tertiary.
@ 2024 Exam Papers Practice

(4 marks)
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(b) Mame the isomer of C4HgBr that contains a chiral centre and draw the three-dimensional
structures of the two optical isomers.

structures

EXAM-PAPERS PRACTIGCE

{G%M&lemr nitrate solution was added to separate tubes containing chloroethane,

©) ﬁﬂﬂéﬁé{ﬁﬁﬁﬂ@pﬂﬁ@w?ﬂﬁeﬁlﬁﬁ were heated in a water bath.
A yellow precipitate appeared first in the tube containing iodoethane, followed by a
cream precipitate in the tube containing bromoethane and finally a white precipitate

appeared in the tube containing chloroethane.

Explain these observations.

(2 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(d) i) Give the full name of the mechanism for the reaction between aqueous sodium
hydroxide and bromoethane.

[2]

ii) Complete the diagram below to represent this mechanism. Include all necessary
curly arrows, partial charges and lone pairs.

OH + Br~

[2]

EXAM-EAPERS SRACTICE

Copyright (4 marks)
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(e) Primary and teriary halgenoalkanes have different reaction mechanisms when they react
with aqueous sodium hydroxide.

i) State the name that is given to the reaction mechanism when aqueous sodium
hydroxide is reacted with the following types of halogenoalkane.

primary halogen0alkane ... e en

tertiary haologenolkane ... e

[2]
ii)  Tertiary halogenoalkanes form a tertiary carbocation as termediate during
this reaction. Explain why tertiary car ble than primary
carbocations.
[3]

EXAM-PAPERS PRACTICE
Copyright
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(5 marks)
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Question 9.
(@) This question is about halogenoalkanes.

A student investigates the rate of reaction of six halogenoalkanes using the following method.

1. Mix ethanol with six drops of halogenoalkane.
2. Warm the mixture in a water bath at 50 °C.

3. Add silver nitrate solution.

4. Record the time taken for the precipitate to form.

Table 1.1 shows the student's

initate to
50°C

CH3CH-CH-CH-CH>Br 152
CH3iCH>CH-CHBrCH; 88
Copyright (CH;),CHCHCICH; 190

© 2024 Exart PaperschqeiL@ 88

1) Suggest how the student could improve the method.

[3]

i) Other than precipitation, state what type of reaction is occurring in this method.

(1]

(4 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(b) Using Table 1.1, describe and explain two factors that influence the rate of this type of reaction in
halogenoalkanes.

(4 marks)

(c) A fresh sample of aqueous 1- opentane reacts with an aqueous soluti@@@f sodium hydroxide.

i) Fully identify the mec teps in the mechanism.

[1]

i) One of the products contains bro

EXAM PAPERS PRACTICE

C iii). _.The reaction conditions are changed resulting in the formation of three products,
O I luding the product identified in part (c)ii).

@ 2024 Exam Papers Practice

Suggest the change that is made to the conditions.

. Name this product.

(1]

(3 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(d) 1-chloropentane was prepared in the laboratory by the reaction of an alcohol and thionyl chloride,
SOCls.

Two additional products are also produced in this reaction.

1) Give the equation, including state symbols, for the preparation of 1-chloropentane.

i)  Explain one safety
h E

EXAM PAPERS PRACTICE

(4 marks)
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Question 10.
(@) This question is about the reactions of halogenoalkanes.

2-bromo-2-methylpropane is refluxed with ethanolic potassium hydroxide, KOH. The result isa

mixture of products containing roughly a 4 : | ratio of alkene to alcohol.

Complete Table 2.1 to name the organic products and identify the mechanisms involved.

Organic prod N Meghanism involved
Alkene

Alcohol

EXAM PAPERS PRACTICE

ar
Copyright
{I:i@ Q&%Ez)ﬁam Eﬂpﬂ[ﬁf IR ek 8@ an alcohol produced in the reaction outlined in part
(a).

(2 marks)
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(€) Aniodoalkane is prepared by the reaction of red phosphorus, P, with iodine, [, to produce
phosphorus(I11) iodide, PI5. This then is reacted with an alcohol to produce the iodoalkane and
phosphorous acid, HyPOs.

Give the equation for the reaction between butan-2-ol and phosphorus(I1I) iodide.

(2 marks)

(d) During a series of reactions t

reacted with potassium bro o produce hydro i s kept very cool.

Explain why sulfuric acid can not be us the preparation of an iodoalkane

EXAM-PAPERS-PRACTICE
%ﬂgﬂgﬁﬂgam FPapers Practice
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Question 11.

(a) Compound G is a chloroalkane that can undergo two different reactions as outlined in Fig. 3.1

Compound G
Reaction A Reaction B
Compound H H CN H T
—C—H
| I
H H

Compound H is an alkene wh ote

EXAMPAPERS PRACTICE
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(2 marks)
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(b) State the reagents and conditions that will be required for reaction A in Fig. 3.1

(2 marks)

(c) Name and draw the mechanism for reaction B in Fig 3.1. Include all charges, partial charges, lone pairs

and curly arrows.

(4 marks)

Question 12.

EXAM PAPERS PRACTICE
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(a) Bromobutanes react with hot ethanolic potassium hydroxide solution to produce gaseous butenes.

CHsBr + OH  — CH, + Br + H,0

Apparatus

=]

f

gas /

syringe

=

clamp to seal

gas syringe reflux

condenser

hot oil bath

EXAM PAPERS PRACTICE

Cﬂwﬁ mol of liquid 1-bromobutane was injected into a round bottom flask containing hot

© 202 PRSP Practice

= After the reaction, the syringe was sealed using a clamp.

* The syringe was then removed from the apparatus and allowed to cool to 25°C.

Result
e The final volume of but-1-ene collected was 22.0 cm>.

State the purpose of the condenser.

(1 mark)
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(b) Describe a chemical test and the expected observation to identify the functional group of the gas in the

syringe.

(3 marks)

(c) Calculate the percentage of |

(2 marks)

(d) Before cooling, the volume o

EXAM-PAPERS RPRAGTICE

calculate the temperature of the gas in the syringe.
Copyright
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Temperature = ...

(2 marks)
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(@) 1) Another compound formed from 1-bromobutane under these conditions is butan-1-ol.
Fully identify the type of reaction taking place to form butan-1-ol.
[1]

1))  Draw the mechanism for the reaction of 1-bromobutane with hydroxide ions to form butan-1-ol.

Include all charges, partial charges, lone pairs and curly arrows.

(3]

iii)  Describe a chemical te the expected o fi presence of the

functional group in but

2]

EXAM PAPERS PRACTICE
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(6 marks)
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(f) Isomeric alkene molecules are formed in the elimination reaction of 2-bromobutane.

Draw the displayed formulae of the isomers formed during this reaction.

(3 marks)

EXAM PAPERS PRACTICE
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