Edexcel Chemistry A-level - Halogenoalkanes

Questions
Q1.

This question concerns halogenoalkanes.

1-chloropropane can react to form organic products as shown in the reaction scheme:

CH;—CH=CH, CH;—CH—CH—C=N
Reaction 1‘\ /Reaction 2
CH;—CH—CH,—Cl

Reaction 3

concentrated ammonia solution
heated in a sealed tube

CHg—CHg—CHg_NH;
(i) State the reagent and conditions used in Reaction 1.

(i) Identify a suitable reagent for Reaction 2 and include a reason why this is a
particularly useful type of reaction in organic chemistry.

Reagent

(iv) Write the structural formula of the product that will be formed if 1-chloropropane is
refluxed with aqueous potassium hydroxide solution.

(Total for question = 7 marks)
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Q2.

This question is about halogenoalkanes.

The tables show some relevant data.

Bond Bond enthalpy/kJ mol-! Atom Electronegativity
o 467 C 25
—<l 346 F 40
C—Br 290 c 30
I 228 Br 28
I 25

(a) In an experiment, 1 cm? of ethanol and 5 cm? of 0.1 mol dm=2 silver nitrate were placed in
each of three test tubes X, Y and Z. The test tubes and their contents were placed in a water
bath at 50°C for five minutes.

Two drops of 1-chlorobutane were then added to test tube X and the tube was shaken to mix
the contents. The time taken for a precipitate to appear was measured.

The experiment was repeated using two drops of 1-bromobutane in test tube Y and two
drops of 1-iodobutane in test tube Z.

(i) The time taken for a precipitate to appear increases in the order

A XYV,Z
OB 2ZYVY,X
bc Vv, Xz
Ob 2zXY

(i) Give areason for the addition of ethanol to each test tube.

(iii) Give a reason why the test tubes were left in the water bath for five minutes before
adding the halogenoalkanes.
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(iv) The precipitates form as a result of reactions between aqueous silver ions and
agueous halide ions.
Explain why halide ions are present in the mixture containing a halogenoalkane which
has only covalent bonds.

(v) Write the ionic equation, including state symbols, for the reaction involving the silver
nitrate in test tube X.

(b) 1-bromo-2-methylpropane was mixed with a large excess of potassium hydroxide
solution.

The 1-bromo-2-methylpropane is hydrolysed during the reaction and its concentration
decreases as the reaction proceeds. Samples of the reaction mixture were analysed at
time intervals to determine the remaining concentration of 1-bromo-2-methylpropane.

Time/s [1-bromo-2-methylpropane]/mol dm-3
0 0.1000
50 0.0500
100 0.0250
200 0.0063
300 0.0016
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(i) Draw a graph of [1-bromo-2-methylpropane] against time.

3)

(i) Use your graph to calculate a value for the rate of reaction at 100 s. Include units in
your answer.
®3)

(c) (i) Which term best describes the role of the OH~ ion in the reaction in (b)?

1)
L0 A catalyst

[0 B  electrophile
L] C freeradical

L0 D nucleophile
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(i) Draw a diagram to show the mechanism for the hydrolysis of
1-bromo-2-methylpropane by the hydroxide ion. Include any appropriate lone pairs and
dipoles.

(iii) The hydrolysis reaction described in part (b) may also be classified as

O A addition
0B elimination
O c redox

O D substitution

(Total for question = 18 marks)
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Q3.

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.

(Total for question =5 marks)
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Q4.

This question is about halogenoalkanes and kinetics.
Some halogenoalkanes are hydrolysed by aqueous potassium hydroxide.

(i) Write the ionic equation for the hydrolysis of 2-bromobutane showing the structural
formulae for the organic molecules.

*(ii) Devise an experiment to compare the rates of hydrolysis of 2-chlorobutane,
2-bromobutane and 2-iodobutane.

State the trend in the rates of reaction. Justify your answer.

(Total for question = 7 marks)
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Q5.

A series of experiments was carried out to determine the kinetics of the reaction between a
chloroalkane, RCI, and potassium hydroxide in aqueous solution.
A large excess of the chloroalkane was used.

The data obtained are shown.

[OH1/ mol dm™ Time /s
0.00100 39
0.00200 31
0.00300 23
0.00400 16
0.00500 8

(a) Plot a graph of the concentration of the hydroxide ions against time.
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(b) State the order with respect to hydroxide ions.
Justify your answer by reference to your graph in (a).

(c) Deduce the type of mechanism occurring.
Justify your answer.

(Total for question = 7 marks)
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Q6.

The chemistry of organic compounds containing a chlorine atom is affected by the presence
of other groups.

Consider the reaction of ammonia, NHs, with CHsCH>CH-CI| and with CH3CH,COCI.

Draw the mechanism for the reaction of CH:CH>CHClI with an excess of ammonia to form
the primary amine. Include curly arrows and relevant lone pairs.

(Total for question = 3 marks)
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Q7.

This is a question about halogenoalkanes and related compounds.

The halogenoalkane 2-bromobutane reacts with ethanolic potassium hydroxide to produce a
mixture of alkenes.

Draw the skeletal formulae of all the alkenes that could be produced.

(Total for question = 3 marks)
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Q8.

This question is about esters with the molecular formula CsH1205.
Propyl propanoate has the structure shown.
Ty T
H—C—|C—C—O—C—C—(|Z—H

| L
H H H H H

Devise a synthetic pathway to prepare propyl propanoate starting with
1-bromopropane as the only organic compound.

Include the reagents for each step in the synthesis, and the names or structures of
the intermediate compounds.

(Total for question =5 marks)
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Qo.

Answer the question with a cross in the box you think is correct X. If you change
your mind about an answer, put a line through the box # and then mark your new
answer with a cross X.

Bromobutanes react with hot ethanolic potassium hydroxide solution to produce gaseous
butenes.

C,HsBr + OH- — CH; + Br+ H,O

Apparatus

gas ]: fj}

clamp to seal S
gas syringe raflin
condenser

syringe —

rubber seal for (o
injection of — &
bromobutane

hot ethanolic
potassium hydroxide

hot oil bath

Procedure

e  (0.0080 moal of liquid 1-bromobutane was injected into a round bottom flask containing
hot ethanolic potassium hydroxide.

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

e  The syringe was then removed from the apparatus and allowed to cool to room
temperature (298 K).

Result
The final volume of but-1-ene collected was 22.0 cm?,
Alkene molecules are formed by elimination from 2-bromobutane.

How many isomeric alkene products will be formed in this reaction?

o
o0 w>
A WNPE

(Total for question = 1 mark)
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Q10.

This is a question about the hydrolysis of halogenoalkanes.

* Compare and contrast the mechanism of hydrolysis, using aqueous potassium hydroxide,
of the primary halogenoalkane, RCH2X, with that of the tertiary halogenoalkane, RsCX.
Include diagrams of any intermediate or transition state.

Curly arrows are not required.

(Total for question = 6 marks)
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Q11.

A bromoalkane, RBr, reacts with aqueous hydroxide ions in a nucleophilic substitution
reaction.

RBr + OH™ - R—OH + Br~
This reaction is first order with respect to the bromoalkane and the rate equation is
rate = k[RBI]{OHT]*
where x is the order of the reaction with respect to hydroxide ions.
In an experiment, a sample of the bromoalkane was added to a large excess of agqueous
sodium hydroxide and the concentration of the bromoalkane was determined at regular time

intervals.

Results

Time /s [RBr] / moldm™

0 0.100
30 0.065
60 0.042
90 0.028

120 0.019
150 0.014

This experiment is carried out using the bromoalkane dissolved in ethanol and the hydroxide
ions dissolved in water.

Give a reason why a solution of hydroxide ions dissolved in pure ethanol should not be
used.

(Total for question = 1 mark)
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Q12.

The following procedure may be used to prepare 2-chloro-2-methylpropane.

Step 1 Place 15cm’ of 2-methylpropan-2-ol in a separating funnel and slowly add
30cm? of concentrated hydrochloric acid (an excess), while swirling the
funnel.

Step 2 When all the hydrochloric acid has been added, leave the mixture to stand
for 20 minutes, shaking it gently at intervals.

Step 3 Once the organic and aqueous layers have completely separated, discard the
aqueous layer.

Step 4 Add saturated sodium hydrogencarbonate solution, a little at a time, to the
organic layer. After each addition, invert the separating funnel and open the tap.

Step 5 Discard the aqueous layer.

Step 6 Transfer the organic layer to a small flask, add a solid drying agent and swirl
the flask.

Step 7 Decant the liquid into a clean flask and distil it to collect pure
2-chloro-2-methylpropane.

Some data on the organic reactant and product are given in the table.

Data 2-methylpropan-2-ol 2-chloro-2-methylpropane
rmolar mass / g mol™! | 74.0 | 92.5
boiling temperature / °C | 82 51
density /g cm™ | 0.79 | 0.84

(a) Draw a diagram of a separating funnel, labelling the aqueous layer and the layer of
2-chloro-2-methylpropane that would be observed at the end of Step 2.

(b) Give the reason why sodium hydrogencarbonate solution is added to the organic layer
in Step 4 and why it is important to open the tap after adding this solution.
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(c) Which one of these anhydrous compounds may be used as a drying agent in Step 6?

sodium chloride
sodium hydroxide
sodium nitrate
sodium sulfate

oo
OO w>

(d) A student set up this apparatus for distillation in Step 7 as shown.

—__

“-\",/’;;7\.\’\\

_ . o , water
anti-bumping — ey out o\
granules — [\

electric /} \

heater

(i) Describe three ways in which this apparatus must be modified for safe and efficient
use. Assume the apparatus is suitably clamped.

(i) Give a suitable temperature range over which to collect the final product during the
distillation.
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(e) Inthe preparation, 15cm? of 2-methylpropan-2-ol produced 6.9 cm? of
2-chloro-2-methylpropane.

The equation for the reaction is
(CH3)3COH + HCI — (CH3)3CC| + H,O

Calculate the percentage yield of 2-chloro-2-methylpropane, using data from the table.

Data 2-methylpropan-2-ol 2-chloro-2-methylpropane
molar mass / g mol™ 74.0 92.5
boiling temperature / °C 82 51
density /g cm-? 0.79 0.84
(f) The mechanism for the reaction is in three stages.
CH; CH;
Stage 1 |
HBC_C_CHg —_——— H3C_C_CH3
é/‘H+ é+
| ' /N
H H H
CH; CH;
| Stage 2 |
H.C—C—CH; —— > H,C—C—CH, +H,0
|
/ O\
H H
CH; CH,
| Stage 3 |
H.(—C——CH; — H,(—C—CH;
|
€l cl

Add curly arrows to the reactants in Stages 2 and 3 to complete the mechanism.

(Total for question = 14 marks)

www.ibworldwideacademy.com



https://ibworldwideacademy.com/

Edexcel Chemistry A-level - Halogenoalkanes

Q13.

Answer the question with a cross in the box you think is correct X. If you change
your mind about an answer, put a line through the box # and then mark your new
answer with a cross X.

Bromobutanes react with hot ethanolic potassium hydroxide solution to produce gaseous
butenes.

C,HsBr + OH- — CH; + Br+ H,O

Apparatus

gas ]: fj}

clamp to seal S
gas syringe raflin
condenser

syringe —

rubber seal for (o
injection of — &
bromobutane

hot ethanolic
potassium hydroxide

hot oil bath

Procedure

e  (0.0080 moal of liquid 1-bromobutane was injected into a round bottom flask containing
hot ethanolic potassium hydroxide.

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

e  The syringe was then removed from the apparatus and allowed to cool to room
temperature (298 K).

Result
The final volume of but-1-ene collected was 22.0 cm?®.

(i) Another compound formed from 1-bromobutane under these conditions is butan-1-ol.

Identify the type of reaction taking place to form butan-1-ol.
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(i) The functional group in butan-1-ol can be confirmed using a single chemical test.

What is the single chemical test and expected observation?

Chemical test reagent Observation
O A sodium carbonate solution effervescence
O B aqueous silver nitrate cream precipitate
0o c Fehling’s solution red precipitate
O D phosphorus(V) chloride steamy fumes

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

Include curly arrows, and any appropriate lone pairs and dipoles.

(Total for question =5 marks)
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Q14.

Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box #& and then mark your new
answer with a cross X .

This question is about halogenoalkanes.
2-chloro-2-methylpropane can be hydrolysed by water.
The equation for this reaction is
(CH3)3sCCI + H,0 — (CH3)3sCOH + H* + CI”

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

0.07

4
0.06
0.05

[(CH),ccy 0047

-3
/ moldm 0.03 -

0.02

0.01

O I | ! I
0 50 100 150 200

Time /s
The letters X, Y and Z refer to three different halogenoalkanes:

X 1-bromobutane

Y  2-bromobutane

Z  2-bromo-2-methylpropane
1 cm? of each of these halogenoalkanes was added to separate test tubes containing 5 cm?®
of ethanol and 5 cm?® of aqueous silver nitrate solution in a water bath at 50 °C.

(i) State the visible change in the reaction of an ethanol/silver nitrate solution with
halogenoalkane X.
Include the formula of the compound responsible for this observation.

(i) The three halogenoalkanes were placed in order of decreasing rate of reaction. Which
is the correct sequence?

O A X ZzY
0B zZXY
O c zyVv,X
O D XV,2Z

(Total for question = 3 marks)
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Q15.

Answer the question with a cross in the box you think is correct H. If you change
your mind about an answer, put aline through the box B4 and then mark your new
answer with a cross .

1-chloropropane and 2-chloropropane can be converted into compounds containing the
nitrile functional group.

() Under appropriate conditions, 1-chloropropane can be converted into butanenitrile,
CH3CH2CH2CN.

Which is the reagent for this conversion?

ammonia

nitric acid
potassium cyanide
silver nitrate

oood
oO0Om>

(i) Under appropriate conditions, 2-chloropropane can be converted into a structural isomer
of butanenitrile.

State what is meant by the term 'structural isomer'.

(i) Give the displayed formula and systematic name of the isomer of butanenitrile formed in
(i).

You must show all the bonds.

Displayed formula

(Total for question =5 marks)
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Q16.

This is a question about halogenoalkanes and related compounds.

Explain the trend in reactivity of the primary chloro-, bromo- and iodoalkanes with aqueous
hydroxide ions.

(Total for question = 2 marks)
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Q17.

This question is about halogenoalkanes.
2-chloro-2-methylpropane can be hydrolysed by water.
The equation for this reaction is
(CH3)sCCl + H,0 — (CH3)sCOH + H* + CI”

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

0.07

4
0.06
0.05

[(CHy,ccy 0047

-3
/ moldm 0.03 -

0.02

0.01

0 I I | I
0 50 100 150 200

Time /s

Under different conditions, 2-chloro-2-methylpropane can react to produce 2-methylpropene,
(CH3)2C=CH2 .

(i) State the reagent and conditions needed for this reaction.

(i) Draw the displayed formula for the repeat unit of a polymer that is made by the
polymerisation of 2-methylpropene, (CH:),G—CH,,
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(i) Draw a mechanism for the addition of hydrogen bromide, HBr, to 2-methylpropene to
form 2-bromo-2-methylpropane.
Include curly arrows, and any relevant dipoles and lone pairs.

(Total for question = 7 marks)
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Q18.

This is a question about the hydrolysis of halogenoalkanes.

Explain the trend in the rates of hydrolysis of 1-chlorobutane, 1-bromobutane and
1-iodobutane.

(Total for question = 2 marks)
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Q19.

This is a question about halogenoalkanes and related compounds.
In aqueous sodium hydroxide, 1-bromoethane reacts to produce ethanol.

(i) Write the mechanism for this reaction, including all relevant curly arrows, lone pairs and
dipoles. Include the transition state.

(i) Give the reagents that are used to test that bromide ions are formed in this reaction
mixture. Include the result of the test.

(Total for question = 6 marks)
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Q20.

This question is about the arenes, ethylbenzene, xylene, and phenol, which can be identified
in wine samples using gas chromatography.

-~ OH

ethylbenzene xylene phenol

Ethylbenzene can be formed by the reaction of a chloroalkane with benzene, catalysed by
aluminium chloride, AlICls.

(i) Draw the displayed formula of the chloroalkane required for this reaction.

(i) Draw the mechanism for this reaction.
Include equations showing the role of the catalyst and how it is regenerated.
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(iii) Explain whether phenol is likely to be less or more reactive than benzene with

the chloroalkane from (i).

(Total for question = 9 marks)
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Q21.

Halogenoalkanes react with water to produce alcohols and halide ions.
C4HoX + H,O — C4HoOH + X~ + H*

(a) Testtube experiments can be carried out to investigate the relative rates of these
substitution reactions.

The halogenoalkanes 1-chlorobutane, 1-bromobutane and 1-iodobutane can be used.
Some of the steps in these experiments are

each halogenoalkane is added to a different tube containing 1 cm? of ethanol
the test tubes are placed in the same beaker of hot water

agueous silver nitrate is added to each tube and the tubes are shaken

a precipitate forms in each tube.

(i) State the purpose of adding ethanol to each of the test tubes.

(iii) Give one reason why the test tubes were shaken after the addition of aqueous silver
nitrate.

(b) (i) State how the halogen atom present in each halogenoalkane can be identified using
observations from this experiment in (a).
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(ii) Identify further reagents that can be added, including relevant observations, to
confirm the identity of the halogen atom present in each halogenoalkane.

*(c) Outline the method for a test tube experiment, which expands on the steps in (a), to
investigate how the rate of the substitution reaction depends on whether the halogenoalkane
is primary, secondary or tertiary.

Your experiment should test a series of isomeric bromoalkanes reacting with water.
Your plan should include

. the chemicals you will use
o an outline of how the experiment will be carried out
o the observations or measurements you will make and how you will interpret them.

(Total for question = 12 marks)
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Q22.

A bromoalkane, RBr, reacts with aqueous hydroxide ions in a nucleophilic substitution
reaction.

RBr + OH™ — R—OH + Br-
This reaction is first order with respect to the bromoalkane and the rate equation is
rate = k[RBr]{[OH]*
where X is the order of the reaction with respect to hydroxide ions.
In an experiment, a sample of the bromoalkane was added to a large excess of aqueous
sodium hydroxide and the concentration of the bromoalkane was determined at regular time

intervals.

Results

Time /s [RBr] / moldm™

0 0.100
30 0.065
60 0.042
90 0.028
120 0.019
150 0.014

The experiment was repeated using equal concentrations of RBr and varying the
concentration of hydroxide ions.

A graph was plotted of the results.

Rate
/moldm™s™"

[OH1/ moldm™
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(i) Deduce the value of x in the rate equation.

rate = k[RBr]{{OHJ¥

(i) Give the mechanism for the reaction that is consistent with the orders of reaction with
respect to R—Br and hydroxide ions.
Include curly arrows and relevant lone pairs.

(Total for question = 4 marks)
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Q23.

2-bromobutane can react with aqueous hydroxide ions by an Sy1 mechanism.

Explain why the butan-2-ol produced from a single optical isomer of 2-bromobutane, using
this mechanism, is not optically active.

(Total for question = 3 marks)
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