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Q1.           

Halogenoalkanes are useful reagents in organic synthesis.

Some reactions of 1-bromopropane are shown.

(a)  Complete the table about these reactions.

(4)

(b)  Give the IUPAC name of the product of Reaction 3.

(1)

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

(c)  Complete the mechanism for Reaction 2.

 Show the formation of the intermediate F and of the product.
Include curly arrows, and any relevant lone pairs and dipoles.

(3)

*(d)  The relative rates of hydrolysis of a series of halogenoalkanes were determined
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        using the following method:

 five test tubes, each containing 2 cm3 of ethanol and 2 cm3 of aqueous silver nitrate,
were placed in a water bath at 50 °C
 four drops of a different halogenoalkane were added to each test tube
 the time taken for a precipitate to appear in each test tube was recorded.

 

The results are shown.

Explain these results by considering:

 the chemical reaction occurring
 the structures of the halogenoalkanes
 the strengths of the carbon-halogen bonds.

 

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q2.           

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

What is the structure of 2-bromo-3-chloro-2-methylbutane?
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(Total for question = 1 mark)

 

 

Q3.           

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

Part of a reaction mechanism is shown.

Which curly arrow in the mechanism is not correct?

   A    arrow 1

   B    arrow 2

   C    arrow 3
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   D    arrow 4

 

(Total for question = 1 mark)

 

 

Q4.           

1-bromopropane is used for spot removal when 'dry cleaning' clothes.

(a)  1-bromopropane does not occur naturally but can be made from propan-1-ol.

Identify the reagent or reagents you would use to make 1-bromopropane from propan-1-ol.

(1)

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

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

(b)  Some reactions of 1-bromopropane are shown.

(i)  Give the conditions for the formation of propene.

(1)

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

(ii)  Give the molecular formula of product B.

(1)

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

(iii)  Name the type and mechanism of the reaction taking place in reaction C.
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(2)

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

(iv)  Complete the mechanism for the reaction that occurs between ammonia and
1-bromopropane to form propylamine,
        CH3CH2CH2NH2.

Include curly arrows, and relevant lone pairs and dipoles.

(4)

 

(Total for question = 9 marks)

 

 

Q5.           

This question is about bicycles.

Bicycle frames have been made from steel and aluminium for many years but more recently
titanium has been used.

Titanium is a metal that is extracted from its ore, impure titanium oxide (TiO2), in a two-step
process.

Step 1

The titanium oxide reacts with chlorine in the presence of carbon to form titanium(IV) chloride
(TiCl4) and carbon monoxide.

Step 2

The titanium(IV) chloride reacts with magnesium.

TiCl4  +  2Mg  →  Ti  +  2MgCl2

(a)  (i)  Write the equation for Step 1.

State symbols are not required.

(1)

(ii)  Explain why Step 2 is a redox reaction.
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Refer to relevant oxidation numbers in your answer.

(2)

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

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

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

(b)  Titanium(IV) chloride is a liquid that reacts violently with water, producing white smoke. This
reaction has been used to produce naval smoke screens to hide ships.

Suggest the type of reaction taking place and the compound producing the white smoke.

(2)

Type of reaction

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

Compound

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

(c)  Many bicycles use an inner tube inside the tyre.

A common material used for inner tubes is the addition polymer formed from 2-methylpropene.

Draw a section of the polymer showing two repeat units.

(2)

(d)  A reaction scheme involving 2-methylpropene is shown.
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(i)  For Reaction 1, give the name or formula of a suitable reagent, stating the conditions for the
reaction.

(2)

Reagent

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

Conditions

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

(ii)  For Reaction 2, give the name or formula of a suitable reagent, stating the type of reaction
taking place.

(2)

Reagent

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

Type of reaction

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

(iii)  For Reaction 3, give the name or formula of a suitable reagent, writing an equation for the
reaction taking place.

(2)

Reagent

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

Equation

(iv)  For Reaction 4, the reagent used is potassium hydroxide (KOH).

Give the conditions required for this reaction, stating the role of the hydroxide ions in this
reaction.
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(2)

Conditions

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

Role of hydroxide ions

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

(e)  Many cyclists carry a small cylinder of carbon dioxide to inflate their inner tube if it is
punctured. The carbon dioxide is stored under pressure.

A gas cylinder contains 16.0 g of carbon dioxide (CO2).
The cylinder has a volume of 20 cm3 .

Calculate the pressure in the cylinder at 25 °C. Include units in your answer.
Assume that all the CO2 in the cylinder is a gas.

[pV = nRT        R = 8.31 J mol−1 K−1]

(5)

 

(Total for question = 20 marks)

 

 

Q6.           

Iodine can be extracted from seaweed. The seaweed is heated strongly to burn off the
organic matter. The resultant ash is boiled in water to dissolve the iodide ions, and the
mixture is filtered.

(a)  Acidified hydrogen peroxide (H2O2) is added to the filtrate.

A redox reaction takes place with iodine and water as the only products.

(i)  Write half-equations for the oxidation and reduction reactions that take place.

State symbols are not required.
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(2)

(ii)  Use your answers to (a)(i) to write the overall equation for this redox reaction.

State symbols are not required.

(1)

(b)  The iodine is separated from the aqueous solution using solvent extraction.

The aqueous solution is mixed with cyclohexane in a separating funnel,
forming two layers.

The mixture is then shaken gently and left until the layers separate.

Most of the iodine dissolves in the cyclohexane layer.

(i)  State the colour of each layer after separation.

(2)

Aqueous layer
.............................................................................................................................................

Cyclohexane layer
.............................................................................................................................................

(ii)  Explain why iodine is very soluble in cyclohexane but only slightly soluble in water.

(2)

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

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

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

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

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

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

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

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

(c)  The cyclohexane layer is then removed from the separating funnel and dried.

Identify, by name or formula, a suitable drying agent.

(1)

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

.............................................................................................................................................
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(Total for question = 8 marks)

 

 

Q7.           

A chloroalkane is heated with dilute aqueous sodium hydroxide and the pure organic product is
obtained.

When the organic product is warmed with acidified potassium dichromate(VI) solution, there is
no change in colour.

The chloroalkane could be

(1)

   A    1-chlorobutane

   B    2-chloro-2-methylpropane

   C    1-chloro-2-methylpropane

   D    2-chlorobutane

 

(Total for question = 1 mark)

 

 

Q8.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

Organic reactions can be classified in different ways.

(a)  How should the reaction shown be classified?

(1)

   A    addition
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   B    oxidation

   C    polymerisation

   D    substitution

(b)  How should the reaction shown be classified?

(1)

   A    addition

   B    oxidation

   C    reduction

   D    substitution

 

(Total for question = 2 marks)

 

 

Q9.           

The compound DMAA was originally synthesised as a decongestant.

(a)  (i)  Give the systematic name of compound A.

(1)

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

(ii)  Identify, by name or formula, a suitable reagent for Step 1.

(1)
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.............................................................................................................................................

(iii)  Give the mechanism for the reaction in Step 2.
Include curly arrows, and any relevant dipoles and lone pairs.

(4)

(b)  DMAA is only slightly soluble in water but dissolves readily in hydrochloric acid to form an
aqueous solution.

(i)  Explain the type of bonding that occurs between the nitrogen atom and the hydrogen ion,
when the positive ion forms.

(3)

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

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

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

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

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

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

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

(ii)  Complete the diagrams to show how the ions formed in the reaction between DMAA and
hydrochloric acid interact with water molecules.

(3)

 

(Total for question = 12 marks)

 

 

Q10.           
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For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Which reagent would convert an alcohol into an alkene?

   A    acidified potassium dichromate(VI)

   B    anhydrous calcium sulfate

   C    concentrated phosphoric acid

   D    ethanolic potassium hydroxide

 

(Total for question = 1 mark)

 

 

Q11.           

The halogenoalkane 1-chlorobutane reacts under suitable conditions with
potassium hydroxide to form the alcohol butan-1-ol.

(a)  (i)  Name a suitable solvent for the potassium hydroxide in this reaction.

(1)

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

(ii)  State the type and mechanism of this reaction.

(1)

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

(iii)  Draw the mechanism for this reaction.

Use curly arrows, and show relevant dipoles and lone pairs.

(3)

(b)  A student carried out the reaction.

After separation and purification, the mass of butan-1-ol formed was 12.1 g.

The yield of the reaction was 64.0 %.

Calculate the volume of 1-chlorobutane used in the reaction.

Give your answer to an appropriate number of significant figures.
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[Density of 1-chlorobutane = 0.886 g cm–3]

(4)

 

(Total for question = 9 marks)

 

 

Q12.           

This question is about some halogenoalkanes.

(a)  Give the classification of each halogenoalkane shown in the table as primary, secondary or
tertiary.

(1)

(b)  Samples of 1-iodobutane and 2-chloro-2-methylpropane were hydrolysed using aqueous
silver nitrate in ethanol.

Explain whether or not it is possible to predict the relative rate of hydrolysis of these two
compounds.

(3)

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

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

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

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

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

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

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

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

(c)  Butylamine is formed when 1-bromobutane reacts with excess concentrated alcoholic
ammonia.

CH3CH2CH2CH2Br  +  2NH3  →  CH3CH2CH2CH2NH2  +  NH4Br

(i)  Give a reason why this reaction should be carried out by heating the reactants in a sealed
tube rather than heating under reflux.

(1)

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

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

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

(ii)  Complete the mechanism for this reaction by adding curly arrows, and any relevant lone
pairs and dipoles.

(4)

(d)  Bromoethane is prepared by reacting ethanol with potassium bromide and concentrated
sulfuric acid.

C2H5OH  +  KBr  +  H2SO4  → C2H5Br  +  KHSO4  +  H2O

Calculate the maximum mass of bromoethane that could be prepared from 4.65 g of ethanol,
14.90 g of potassium bromide and a solution containing 16.35 g of H2SO4.

[Ar values:          H = 1.0 C = 12.0 O = 16.0 S = 32.1 K = 39.1 Br = 79.9]
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(3)

*(e)  The reaction between 2-bromopropane and potassium hydroxide takes place under two
different conditions:

 in aqueous solution
 in ethanolic solution.

 

Compare and contrast these two reactions.

Include equations for the reactions.
Detailed mechanisms of these reactions are not required.

(6)

 

(Total for question = 18 marks)

 

 

Q13.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

Separate samples of some halogenoalkanes were dissolved in ethanol and a few drops of silver
nitrate solution added. The faster the reaction of the halogenoalkane, the quicker a precipitate
forms.

(a)  Which of these halogenoalkanes reacts the fastest?

(1)

   A    CH3CHICH3

   B    CH3CHBrCH3

   C    CH3CHClCH3

   D    CH3CHFCH3

(b)  Which of these halogenoalkanes reacts the fastest?

(1)

   A    CH3CHBrCH(CH3)CH3

   B    CH3CH2CBr(CH3)CH3
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   C    CH3CH(CH2Br)CH2CH3

   D    CH3CH2CH2CH2CH2Br

 

(Total for question = 2 marks)

 

 

Q14.           

Which compound is hydrolysed most rapidly?

(1)

   A    1-chloropropane

   B    1-chlorobutane

   C    2-chloro-2-methylpropane

   D    2-chlorobutane

 

(Total for question = 1 mark)

 

 

Q15.           

Iodine monochloride, ICl, is a covalent compound produced by the reaction of iodine with
chlorine. Iodine monochloride is a dark brown liquid at room temperature.

The equipment shown can be used to pass chlorine over solid iodine to produce iodine
monochloride.
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When excess chlorine is passed through the U tube, the iodine monochloride reacts to produce
iodine trichloride in an equilibrium reaction.

(a)  Write a chemical equation for the reaction of iodine with chlorine to produce iodine
monochloride. Include state symbols.

(2)

(b)  The iodine monochloride molecule has a permanent dipole. Complete the following table
using the electronegativity data from your Data Booklet and hence show the dipole on the
diagram of the iodine monochloride molecule.

(1)

I — Cl

(c)  Iodine monochloride reacts with propene to form two isomeric products. This is an addition
reaction that is similar to the reaction of propene with hydrogen halides.

(i)  Draw the skeletal formulae of both isomers.

(2)

(ii)  Explain which of these isomers is the major product.

(3)

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

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

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

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

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

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

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

(d)  The equation for the reaction between iodine monochloride and chlorine is:

(i)  State and justify one precaution that must be taken when preparing iodine trichloride.

(2)

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

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

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

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

(ii)  Give the oxidation number of iodine in both iodine-containing compounds in the equilibrium.

(1)

I in ICl

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

I in ICl3

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

(iii)  Iodine trichloride can also be made by reacting potassium chlorate(V) with iodine in
hydrochloric acid. The equation for the reaction is

KClO3 + I2 + 6HCl → KCl + 2ICl3 + 3H2O

By considering oxidation numbers for chlorine, explain whether or not this reaction is a
disproportionation.

(2)

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

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

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

(e)  Chlorine gas has a molar volume of 24 000 cm3 mol–1 under the conditions used in this
reaction.

(i)  Show that the density of chlorine gas is approximately 3 g dm–3.

(2)

(ii)  Air has an average density of 1.25 g dm–3. If the U-tube used in part (d) is inverted, as shown
in the diagram, the solid yellow iodine trichloride produced in the equilibrium reaction turns to a
brown liquid.

Explain this observation.

(3)

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

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

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

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

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

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

(f)  A mass of 0.64 g of iodine reacted with fluorine to form 1.31 g of a fluoride of iodine.

Calculate the empirical formula of this compound of iodine and fluorine.

(2)
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(Total for question = 20 marks)

 

 

Q16.           

1-bromobutane reacts with alkali:

CH3-CH2-CH2-CH2Br + OH− → CH3-CH2-CH2-CH2OH + Br−

The mechanism and type of reaction is:

(1)

   A    electrophilic addition

   B    electrophilic substitution

   C    nucleophilic addition

   D    nucleophilic substitution

 

(Total for question = 1 mark)

 

 

Q17.           

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

Which structure represents a primary halogenoalkane?
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Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)

 

 

Q18.           

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

Butanenitrile can be formed by reacting 1-bromopropane with potassium cyanide.

Which is the correct mechanism and type of reaction that occurs?

   A    electrophilic addition

   B    nucleophilic addition

   C    electrophilic substitution

   D    nucleophilic substitution
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(Total for question = 1 mark)

 

 

Q19.           

Ammonia reacts with 1-chlorobutane.

(a)  State the type and mechanism of this reaction.

(2)

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

(b)  A student drew the first step of the mechanism for the reaction.

(i)  Identify two omissions in the student's mechanism.

(2)

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

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

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

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

(ii)  To obtain butylamine, sodium hydroxide solution is added.

Complete the next step of the mechanism to form butylamine, showing curly arrows, relevant
lone pairs and the reaction products.

(3)

(c)  The reactions of ammonia and of hydroxide ions with halogenoalkanes are similar.

Compare the rate of reaction of ammonia with 1-chlorobutane and with
2-bromo-2-methylpropane.
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Justify your answer.

(3)

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

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

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

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

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

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

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

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

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

 

(Total for question = 10 marks)

 

 

Q20.           

This question is about halogenoalkanes.

(a)  The rates of hydrolysis of 1-chloropropane, 1-bromopropane and 1-iodopropane in reactions
with aqueous silver nitrate solution were compared.

(i)  State what would be measured in the experiment to compare the rates of hydrolysis.

(1)

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

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

(ii)  State which of these halogenoalkanes would hydrolyse the fastest.
      Justify your answer.

(2)

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

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

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

(b)  The equation for the hydrolysis of 1-chloropropane by aqueous hydroxide ions is shown.

CH3CH2CH2Cl  +  OH−    →    CH3CH2CH2OH  +  Cl−

Give the mechanism for this hydrolysis.
Include curly arrows, and relevant dipoles and lone pairs.

(2)

(c)  The boiling temperatures of some halogenoalkanes are shown.

Explain the trend in boiling temperature of these halogenoalkanes by comparing the
intermolecular forces involved.

Detailed explanations of the forces involved are not required.

(4)

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

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

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

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

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

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

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

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

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

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

(d)  In another experiment, 2-bromobutane is heated with ethanolic potassium hydroxide and an
elimination reaction occurs.

Draw the skeletal formulae of the three possible organic products, giving their names.

(3)
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(Total for question = 12 marks)

 

 

Q21.           

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

What is the skeletal formula of 2-chloro-4,4-dimethylhexane?
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(Total for question = 1 mark)

 

 

Q22.           

2-methylpropan-1-ol has the skeletal formula:

(a)  2-methylpropan-1-ol can be converted to 1-bromo-2-methylpropane.

Give the reagents and conditions used for this reaction.

(2)

Reagents

.............................................................................................................................................
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Conditions

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

(b)  1-bromo-2-methylpropane can be converted back to 2-methylpropan-1-ol by heating with
aqueous alkali. A student suggested the following mechanism for the reaction.

Identify and correct the three mistakes in the mechanism shown.

(3)

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

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

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

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

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

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

(c)  1-bromo-2-methylpropane can be converted to 2-methylpropene.

Give the reagents and conditions used for this reaction.

(2)

Reagents

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

Conditions

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

 

(Total for question = 7 marks)

 

 

Q23.           
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Give the systematic name for the following molecule.

(1)

   A    E-1-bromo-2-methylbut-2-ene

   B    E-2-methyl-1-bromobut-1-ene

   C    E-1-bromo-3-methylpent-2-ene

   D    E-1-bromo-2-methylbut-1-ene

 

(Total for question = 1 mark)

 

Mark Scheme
 

Q1.           
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Q2.           

 

 

Q3.           

 

 

Q4.           
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Q5.           
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Q6.           
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Q7.           
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Q8.           

 

 

Q9.           
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Q10.           

 

 

Q11.           
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Q12.           
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