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Q1.           

Which alkane has the highest boiling temperature?

(1)

   A    2,2-dimethylpropane

   B    2-methylbutane

   C    butane

   D    pentane

 

(Total for question = 1 mark)

 

 

Q2.           

This question is about the forces between molecules and ions.

*(a)  Some data for three small molecules are shown.

Explain the large variation in boiling temperatures, given the small range in Mr values.

Detailed descriptions of the forces involved are not required.

(6)

(b)  Calcium chloride is soluble in water.

Complete the diagram to show how water molecules interact with each ion.
You may use 

 to represent a water molecule.

(2)
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(c)  Explain why bromine is a liquid but iodine is a solid at room temperature.

Detailed explanations of the forces involved are not required.

(2)

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

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

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

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

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

 

(Total for question = 10 marks)

 

 

Q3.           

Biobutanol is a possible alternative to bioethanol as an additive to petrol.

(a)  (i)  Complete the table for the four isomers of C4H9OH which are alcohols.

(3)
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(ii)  Explain the difference in boiling temperature between butan-1-ol and 2-methylpropan-2-ol.

(2)

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

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

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

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

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

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

(iii)  The displayed formula of butan-1-ol is shown.

Complete the diagram to show the strongest intermolecular force between two molecules of
butan-1-ol. Include the intermolecular bond angle.

(2)

(b)  (i)  Complete the equation for the combustion of butan-1-ol.

State symbols are not required.

(1)
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(ii)  Calculate a value for the enthalpy change of combustion of butan-1-ol using the equation in
(b)(i) and the mean bond enthalpies in the table.

(3)

(iii)  A data book value of the molar enthalpy change of combustion of butan-1-ol is −2670 kJ
mol−1

Give two reasons for the difference between this value and the value calculated in (b)(ii).

(2)

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

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

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

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

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

(c)  Biobutanol has some advantages over bioethanol.

(i)  The combustion of bioethanol releases 23 MJ dm−3 compared to petrol which releases 32 MJ
dm−3.

Calculate the energy released in MJ dm−3 for the combustion of biobutanol.

(2)

(ii)  Biobutanol can be mixed with petrol in any proportion whereas bioethanol cannot.

Petrol is a mixture of liquid alkanes.

Explain why petrol is more miscible with biobutanol than with bioethanol.

(2)

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

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

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

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

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

 

(Total for question = 17 marks)

 

 

Q4.           

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 sequence shows the molecules in order of increasing boiling temperature?

   A    H2O < Br2 < Cl2 < CH4

   B    Br2 < CH4 < Cl2 < H2O

   C    Cl2 < CH4 < H2O < Br2

   D    CH4 < Cl2 < Br2 < H2O

 

(Total for question = 1 mark)

 

 

Q5.           

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 .

This question is about alkanes.

(a)  Which of these alkanes has the highest boiling temperature?

(1)
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   A    butane

   B    hexane

   C    pentane

   D    propane

(b)  Which of these alkanes has the lowest boiling temperature?

(1)

 

(Total for question = 2 marks)

 

 

Q6.           

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 of these isomers with the formula C8H18 has the lowest boiling temperature?

   A    CH3CH(CH3)CH2CH2CH(CH3)CH3

   B    CH3CH(CH3)CH2CH2CH2CH2CH3

   C    CH3C(CH3)2CH2CH(CH3)CH3

   D    CH3CH2CH2CH2CH2CH2CH2CH3
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(Total for question = 1 mark)

 

 

Q7.           

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 of these compounds would be expected to have the highest boiling temperature?

   A    (CH3)3COH

   B    CH3CH2CH2CH2OH

   C    CH3CH2CH(CH3)2

   D    CH3CH2CH2CH2CH3

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)

 

 

Q8.           

Which row shows the hydrogen halides in order of increasing boiling temperature?

 

(Total for question = 1 mark)
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Q9.           

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 .

Why is the boiling temperature of hydrogen iodide higher than that of hydrogen bromide?

   A    hydrogen iodide has stronger London forces than hydrogen bromide

   B    hydrogen iodide has a larger permanent dipole than hydrogen bromide

   C    hydrogen iodide has stronger hydrogen bonds than hydrogen bromide

   D    the H—I bond is stronger than the H—Br bond

 

(Total for question = 1 mark)

 

 

Q10.           

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 of these isomers has the highest boiling temperature?
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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)

 

 

Q11.           

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 of these isomers has the highest boiling temperature?
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(Total for question = 1 mark)

 

 

Q12.           

Some diesel cars contain an extra catalytic converter for the reduction of nitrogen oxides (NOx)
in exhaust gases.
A solution of urea is used for this process.

(a)  Urea has a melting temperature of 133 °C.

Explain why this value is higher than expected for a relatively small molecule.

(3)

S T E M U P . C O . U K

https://stemup.co.uk


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

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

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

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

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

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

(b)  A saturated solution of urea has a concentration of 9.07 mol dm–3 at 25°C.

Calculate the mass of urea in 150 cm3 of a saturated solution.

(2)

(c)  State why NOx emissions are harmful to the environment.

(1)

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

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

(d)  An infrared spectrum of urea is shown.

Refer to your Data Booklet.

(i)  Draw a circle around an absorption in the spectrum that could be due to the stretching of the
N—H bond.

(1)

(ii)  Identify the bond responsible for the absorption at 1683 cm−1.

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

(1)
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(e)  In a diesel car exhaust system, the urea reacts with water to form ammonia and carbon
dioxide. The enthalpy change for this reaction is +133 kJ mol−1.

(i)  Complete the equation for this reversible reaction.

State symbols are not required.

(1)

(NH2)2CO + H2O    
.............................................................................................................................................

(ii)  Sketch the reaction profile for the forward reaction on the axes provided.

Include labels for ΔH and the activation energy (Ea).

(3)

(f)  The catalytic converter contains metal oxides. When the exhaust gases pass through the
catalytic converter, ammonia reacts with NOx gases to form nitrogen and water.

(i)  Explain why it is not correct to state that urea is acting as a catalyst in the reaction.

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

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

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

(1)

(ii)  Explain how a catalyst increases the rate of a chemical reaction.

Use the Maxwell-Boltzmann distribution shown and refer to the collision theory.

(3)
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.............................................................................................................................................

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

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

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

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

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

(g)  The catalytic converter works best at a temperature of around 350 °C.

(i)  Suggest how the catalytic converter reaches this temperature.

(1)

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

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

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

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

(ii)  The chemical reactions in the exhaust system of a diesel car, using a catalytic converter,
form 89.3 m3 of nitrogen per hour.

Calculate the number of molecules of nitrogen formed per hour.

[Molar volume at 350 °C = 51.1 dm3 mol−1

Avogadro constant, L = 6.02 × 1023 mol−1]

(3)

 

(Total for question = 20 marks)
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Q13.           

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.

(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)

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

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

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

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

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

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

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

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

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

(1)

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

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

 

(Total for question = 8 marks)

 

 

Q14.           

This question is about compounds containing Group 2 elements.

(a)  Hydrated magnesium nitrate has the formula Mg(NO3)2.xH2O.

A student devised an experiment to determine the value of x by leaving 5.12 g of
hydrated magnesium nitrate for several hours in a warm oven. After this time, the
solid remaining had a mass of 2.97 g.

(i)  State why the student used a warm oven to remove the water from the

hydrated salt, rather than direct heating with a Bunsen burner.

(1)

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

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

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

(ii)  Use the data obtained by the student to calculate the value of x.

You must show your working.

(4)

(b)  Magnesium carbonate, MgCO3, is a white solid used as an additive in foods.

(i)  Explain, in terms of energy changes, why magnesium carbonate is insoluble in water.
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(2)

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

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

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

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

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

(ii)  The Hess cycle and data to calculate the enthalpy change for the thermal

decomposition of MgCO3 are shown.

Calculate the enthalpy change for the thermal decomposition of MgCO3.

(2)

(iii)  Explain the trend in thermal stability of Group 2 carbonates.

(4)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 13 marks)

 

 

Q15.           

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)

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

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

 

 

Q16.           

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 .
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Which compound does not form hydrogen bonds between its molecules?

   A    HCl

   B    H2O

   C    HF

   D    NH3

 

(Total for question = 1 mark)

 

 

Q17.           

Ethanol can be made in industry by the reaction of ethene with steam, using a phosphoric(V)
acid catalyst.

CH2=CH2(g)  + H2O(g)    CH3CH2OH(g)     ΔrH = −45 kJ mol−1

The reaction is carried out at 300°C and 60 atm. An initial yield of 5 % is achieved when the
ethene and steam first pass through the reactor.

*(a)  Explain the chemical reasons for the conditions used and why such a low initial yield is
acceptable in the industrial process.

(6)

(b)  The product of the reaction is a mixture of ethanol and water.

Explain why ethanol and water mix together fully.

You may find it helpful to draw a diagram.

(3)

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

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

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

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

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

(c)  Ethanol can be oxidised using a solution of acidified potassium dichromate(VI), K2Cr2O7(aq).

Ethanoic acid and another organic compound, Y, are both possible products.

S T E M U P . C O . U K

https://stemup.co.uk


(i)  Draw the structure of Y.

(1)

(ii)  State the conditions needed to maximise the yield of each product.

(2)

Conditions for maximum yield of Y

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

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

Conditions for maximum yield of ethanoic acid

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

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

 

(Total for question = 12 marks)

 

 

Q18.           

This question is about ethanol and bioethanol.

The main fuel used as a petrol substitute is bioethanol. Bioethanol is ethanol that has been
produced by fermentation. The starting material is usually some form of plant material rich in
starch, such as wheat, maize or potatoes. Enzymes in yeast convert this material to simple
carbohydrates such as glucose (C6H12O6) and then to ethanol and carbon dioxide.

C6H12O6    →    2CH3CH2OH  +  2CO2

The mixture is left for several days until fermentation is complete.
The percentage of ethanol is never greater than 15 % because higher concentrations of ethanol
kill the yeast.

A common blend of fuel is 95 % petrol and 5 % bioethanol. The engine does not need to be
modified for this mixture.

(a)  Give one advantage and one disadvantage of using bioethanol in petrol.

(2)

Advantage

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

.............................................................................................................................................
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Disadvantage

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

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

(b)  Suggest why this fermentation must be carried out in the absence of air.

(1)

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

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

(c)  Suggest how the ethanol can be obtained, after filtering the fermentation mixture.

(1)

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

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

(d)  Ethanol is hygroscopic, which means it readily absorbs water from the air.

(i)  Give a possible reason why ethanol is able to absorb water.

(1)

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

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

(ii)  Suggest a problem arising from the hygroscopic nature of ethanol when using this fuel in a
motor vehicle.

(1)

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

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

(e)  Ethanol can also be produced by the hydration of ethene.

CH2 = CH2(g)  +  H2O(g)  ↔  CH3CH2OH(g)        ΔH = − 45 kJ mol−1

*(i)  Typical conditions are 300 °C and 60 atm with a catalyst of phosphoric acid.

Explain why these conditions are used, by describing the effect of changing the temperature and
pressure on rate of reaction, equilibrium yield and cost.

(6)

(ii)  The rate of this reaction is increased by using a catalyst of phosphoric acid.

Label the axes on the Maxwell–Boltzmann distribution curve and use it to explain how a catalyst
increases the rate of reaction.
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(4)

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

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

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

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

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

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

(f)  Catalysts such as phosphoric acid are bonded to a support material that contains lots of
pores.

(i)  Suggest the advantage of using support materials containing lots of pores.

(1)

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

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

.............................................................................................................................................
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(ii)  Under these conditions, only about 5 % of the ethene is converted into ethanol as it passes
over the catalyst.

Suggest how the overall yield of this process can be improved to make it economically viable.

(2)

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

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

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

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

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

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

 

(Total for question = 19 marks)

 

 

Q19.           

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 .

This question is about hydrogen bonding.

(a)  Which property is not due to hydrogen bonding?

(1)

   A    ice has a lower density than water at 0°C

   B    hydrogen fluoride has a higher boiling temperature than hydrogen chloride

   C    H—H bond enthalpy is greater than Si—H bond enthalpy

   D    alcohols are less volatile than alkanes with a similar molar mass

(b)  Which diagram best represents a hydrogen bond between two water molecules?

(1)
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(Total for question = 2 marks)

 

 

Q20.           

Which statement is not explained by hydrogen bonding?

(1)

   A    all Group 1 hydroxides are soluble in water
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   B    many simple alcohols are soluble in water

   C    the density of ice is less than the density of liquid water at 0 °C

   D    the melting temperature of water is abnormally high

 

(Total for question = 1 mark)

 

 

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  .

Which of these pure compounds has hydrogen bonding in the liquid state?

   A    1,1,1-trichloroethane, CH3CCl3

   B    trimethylamine, (CH3)3N

   C    hydrogen fluoride, HF

   D    hydrogen sulfide, H2S

 

(Total for question = 1 mark)

 

 

Q22.           

What are the strongest interactions between molecules in solid hydrogen iodide, HI?

(1)

   A    covalent bonds

   B    hydrogen bonds

   C    ionic bonds

   D    London forces
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(Total for question = 1 mark)

 

 

Q23.           

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 intermolecular forces exist between the molecules of the compound shown?

   A    hydrogen bonding and London forces only

   B    hydrogen bonding and permanent dipole-permanent dipole forces only

   C    London forces and permanent dipole-permanent dipole forces only

   D    hydrogen bonding, permanent dipole-permanent dipole forces and London forces

 

(Total for question = 1 mark)

 

 

Q24.           

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 .

The skeletal formulae of three isomers are shown.

Which series shows the correct order of increasing boiling temperatures?

   A    Y, X, Z
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   B    X, Y, Z

   C    Y, Z, X

   D    X, Z, Y

 

(Total for question = 1 mark)

 

 

Q25.           

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.

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)
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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)

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

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

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

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

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

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

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

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

(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)
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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)

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

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

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

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

(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.
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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)

 

(Total for question = 20 marks)

 

 

Q26.           

Which is the order of increasing boiling temperature?

(1)

   A    Y Z X W

   B    Y X Z W
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   C    W X Z Y

   D    X W Y Z

 

(Total for question = 1 mark)

 

 

Q27.           

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 is not correct about ice?

   A    ice has a lower density than water

   B    H2O molecules are further apart in ice than in water

   C    the H—O—H bond angle is the same in ice and in water

   D    H2O molecules in ice are held together by hydrogen bonds

 

(Total for question = 1 mark)

 

 

Q28.           

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.
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      Justify your answer.

(2)

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

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

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

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

(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)

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

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

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

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

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

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

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

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

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

(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)

 

(Total for question = 12 marks)

 

 

Q29.           

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 solvent dissolves the greatest amount of hydrocarbon C35H72?

   A    butan-1-ol

   B    ethanoic acid
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   C    hexane

   D    water

 

(Total for question = 1 mark)

 

 

Q30.           

Enthalpy changes of formation are often difficult to determine directly.

Some enthalpy data are shown.

Standard enthalpy change of combustion of propane 

(a)  (i)  Add arrowheads and stoichiometric coefficients to the Hess's Law diagram.

(1)

(ii)  Use the data at the start of the question and your Hess's Law diagram to calculate the
standard
       enthalpy change of formation of propane.
       Include a sign and units in your answer.

(2)

(b)  The values for the boiling temperatures and the standard enthalpies of combustion of a
series of straight-chain alkanes
       are shown in the table.
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(i)  Explain why the increases in the values of  are similar.

(2)

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

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

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

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

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

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

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

(ii)  The increase in the value of  from butane to pentane is smaller than any other increase.

       Suggest an explanation for this.

(2)

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

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

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

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

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

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

(iii)  Explain, with reference to their intermolecular forces, why the boiling temperatures of 
alkanes increase as the
       number of carbon atoms increases. A detailed description of the intermolecular forces is not
required.
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(3)

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

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

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

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

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

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

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

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

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

 

(Total for question = 10 marks)

 

 

Q31.           

This question is about sulfuric acid.

(a)  Sulfuric acid is manufactured in a three-step process.

(i)  At room temperature and pressure, sulfur is a solid and oxygen a gas.

Explain why sulfur and oxygen exist in different states by referring to the intermolecular forces
involved.

(2)

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

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

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

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

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

(ii)  Step 2 is a reversible reaction.

State the effect on the position of equilibrium when the temperature and pressure are increased.
Justify your answers.

(4)

Increasing temperature at constant pressure

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

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

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

Increasing pressure at constant temperature

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

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

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

(iii)  Vanadium(V) oxide, V2O5, is used to catalyse the reaction in Step 2.

Complete the reaction profile to show both the catalysed and uncatalysed reactions.
Label the activation energy and the enthalpy change. Your diagram does not have to be to scale.

(4)
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(iv)  Explain how the use of a catalyst makes this reaction more sustainable.

(2)

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

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

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

* (b) Concentrated sulfuric acid reacts with solid potassium chloride and with solid potassium
iodide.

Compare and contrast these reactions to show the difference in reducing ability of these two
halide ions.
In your answer describe what would be observed and identify the products formed.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(c)  Dilute sulfuric acid is used in many laboratories. It is often supplied as concentrated sulfuric
acid and then diluted.

A technician makes 500 cm3 of 1.5 mol dm−3 sulfuric acid by adding 40.5 cm3 of concentrated
sulfuric acid to distilled water.

Calculate the concentration of the concentrated sulfuric acid, in mol dm−3 .

(2)

 

(Total for question = 20 marks)

 

 

Q32.           
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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 compound has the highest boiling temperature?

 

(Total for question = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

 

Q33.           

This question is about the halogens and some of their compounds.

(a)  Descending the group from fluorine to iodine, the electronegativity of the atoms decreases
even though their nuclear charge increases.

Explain the trend in electronegativity.

(2)

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

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

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

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

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

(b)  Iodate(V) ions, , react with iodide ions in acid solution.

  +  5I−  +  6H+   →  3I2  +  3H2O

Explain, in terms of the oxidation numbers of iodine in the three species, why this is not a
disproportionation reaction.

(2)

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

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

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

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

(c)  Hydrogen bromide and hydrogen iodide reduce sulfuric acid.

Identify, by name or formula, the compound produced containing sulfur with its lowest
oxidation number in that reaction.

(1)

(d)  The graph shows the boiling temperatures of the hydrogen halides.

Explain the trend in the boiling temperatures of the hydrogen halides.

(4)

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

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

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

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

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

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

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

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

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

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

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

(e)  A sample of seawater was evaporated to dryness.

The solid residue was weighed, then dissolved completely in deionised water.

Excess aqueous silver nitrate was added to the solution.
All the chloride ions in the seawater formed a precipitate of silver chloride.

Ag+(aq) + Cl−(aq) → AgCl(s)

The precipitate was filtered, washed, dried and weighed.

Results:

Mass of solid residue from seawater = 0.098 g

Mass of silver chloride precipitate = 0.226 g

Calculate the percentage, by mass, of chloride ions in the solid residue.

[Assume silver chloride is the only precipitate.]

(3)

 

(Total for question = 12 marks)

 

 

Q34.           
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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  .

The viscosities of four liquid organic compounds are compared by placing the liquids in separate
identical tubes, each with an air bubble at the top.

The tubes are inverted, and the times measured for the air bubble to travel the length of the
tube.

For which compound does the air bubble take the longest time?

 

(Total for question = 1 mark)
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Q35.           

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 of the following statements about water is not due to hydrogen bonding?

   A    water has a less open structure than ice

   B    ice cubes float in a glass of iced water

   C    when water freezes its volume increases

   D    water is a good solvent for ionic compounds

 

(Total for question = 1 mark)
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