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Answer all the questions.

1 Barium combines with oxygen, chlorine and nitrogen to form ionic compounds.

 (a) Barium oxide, BaO, has a giant ionic lattice structure.

  (i) State what is meant by the term ionic bond.

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

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

  (ii) Draw a ‘dot-and-cross’ diagram to show the bonding in barium oxide.

   Show outer electrons only.

 [2]

  (iii) Calculate the number of barium ions in 1.50 g of barium oxide.

   Give your answer in standard form and to three significant figures.

 number of barium ions =  .......................................................... [2]

 (b) Barium chloride, BaCl2, is soluble in water.

  (i) Compare the electrical conductivities of solid and aqueous barium chloride.

   Explain your answer in terms of the particles involved.

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

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

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

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

 ...................................................................................................................................... [2]

Electrostatic attraction between oppositely charged ions (positive and

negative ions).

Solid barium chloride does not conduct electricity because its ions are

fixed in position in the giant ionic lattice, so they cannot move.

Aqueous barium chloride does conduct electricity because the lattice has

broken down and its ions are mobile, so they can move and carry

charge.

Ba[ ]
2+

O[ ]
2−

• = O electron    × = electron from Ba

M(BaO) = 137.3 + 16.0 = 153.3 g mol-1

n(BaO) = 1.50 / 153.3 = 9.78 × 10-3 mol

number of Ba2+ ions = 9.78 × 10-3 × 6.02 × 1023

5.89 × 1021
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  (ii) Describe the use of aqueous barium chloride in qualitative analysis.

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

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

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

 ...................................................................................................................................... [2]

  (iii) Hydrated barium chloride can be crystallised from solution.

   Hydrated barium chloride has the formula BaCl2•xH2O and a molar mass of 244.3 g mol −1.

   Determine the value of x in the formula of BaCl2•xH2O.

   Show your working.

 x =  .......................................................... [2]

 (c) Barium nitride is formed when barium is heated with nitrogen.

  (i) Complete the electron configuration of a nitride ion.

1s2 ................................................................................................................................. [1]

  (ii) Solid barium nitride is reacted with water, forming an alkaline solution A and an alkaline 
gas B.

   Identify A and B.

   Write an equation, including state symbols, for the reaction. 

A .........................................................................................................................................

B .........................................................................................................................................

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

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

 ...................................................................................................................................... [4]

It is used to test for sulfate ions, SO4
2−: add aqueous barium chloride

(after dilute HCl) to the solution.

A white precipitate of BaSO4 forms if sulfate ions are present:

Ba2+(aq) + SO4
2−(aq) → BaSO4(s).

2s2 2p6

barium hydroxide, Ba(OH)2

ammonia, NH3

Barium nitride is Ba3N2:

Ba3N2(s) + 6H2O(l) → 3Ba(OH)2(aq) + 2NH3(g)

M(BaCl2) = 137.3 + (2 × 35.5) = 208.3 g mol-1

mass of water = 244.3 − 208.3 = 36.0 g mol-1

x = 36.0 / 18.0 = 2

2
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2* A student was asked to carry out an experiment to determine the initial rate of reaction of zinc and 
hydrochloric acid.

 The student plans to collect a total of about 72 cm3 of hydrogen at RTP and to use an excess of 
zinc.

 The student selects the following apparatus:
 • the apparatus shown in the diagram
 • 100 cm3 measuring cylinder
 • stop clock
 • 2 decimal place balance

 

100 cm3 gas syringe

 Outline how the student could carry out the experiment and explain how the results could be 
processed graphically.

 Show all working in your calculations.

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

Moles of H2 = 72 / 24000 = 0.00300 mol. Zn + 2HCl → ZnCl2 + H2, so minimum

mass of zinc = 0.00300 × 65.4 = 0.196 g; use about 0.30 g so the zinc is in excess.

Moles of HCl needed = 2 × 0.00300 = 0.00600 mol. Using 0.100 mol dm-3 HCl,

volume = 0.00600 × 1000 / 0.100 = 60.0 cm3 (all the acid reacts, giving about 72

cm3 H2).

Method: weigh 0.30 g of zinc on the 2 d.p. balance. Measure 60.0 cm3 of 0.100 mol

dm-3 HCl with the measuring cylinder and pour it into the conical flask. Add the zinc,

immediately replace the bung connected to the gas syringe and start the stop clock.

Record the volume of gas in the syringe every 10 s until no more gas is produced.

Processing: plot a graph of volume of H2 (y-axis) against time (x-axis) and draw a

smooth curve of best fit. Draw a tangent to the curve at t = 0. Initial rate =

gradient of the tangent = change in volume / change in time (from a large triangle),

in cm3 s-1.
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3 Alkanes are saturated hydrocarbons with the general formula CnH2n+2.

 (a) A student carries out an experiment to measure the enthalpy change of combustion, ΔcH, of 
hexane.

  The student finds that combustion of 1.29 g of hexane changes the temperature of 200 g of 
water from 20.5 °C to 65.5 °C.

  (i) Calculate the enthalpy change of combustion, ΔcH, of hexane, in kJ mol−1.

   Give your final answer to an appropriate number of significant figures.

 ΔcH ............................................  kJ mol−1  [4]

  (ii) The calculated value of ΔcH for hexane from this experiment is different from the data 
book value.

   Suggest two reasons for this difference.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

 ...........................................................................................................................................
 [2]

Heat is lost (released) to the surroundings.

Incomplete combustion of the hexane.

(also non-standard conditions)

n(C6H14) = 1.29 / 86.0 = 0.0150 mol

q = mcΔT = 200 × 4.18 × 45.0 = 37620 J = 37.62 kJ

ΔH = 37.62 / 0.0150 = 2508 kJ mol-1

combustion is exothermic, so ΔcH = −2508 kJ mol-1

= −2510 kJ mol-1 (3 s.f.)

−2510
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 (b) Data book values for the standard enthalpy changes of combustion, ∆cH , of the first four 
alkanes are shown in the table. 

Alkane methane ethane propane butane

∆cH  / kJ mol−1 –890 –1560 –2219 –2877

  (i) The values for the first three alkanes are plotted on the graph below.

   Plot the value for butane on the graph.

0

–1000

–2000

Δ
c
H

–3000

–4000

–5000

20 40

relative molecular mass

60 80 100

/ kJ mol–1

 [1]

−3540

pentane, Mr = 72
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  (ii) Use the graph to estimate the energy released during complete combustion of 1.80 g of 
pentane.

   Show relevant working below and on the graph.

 energy released =  ....................................................  kJ  [3] 

 (c) The equation for the complete combustion of cyclohexane is shown below.

C6H12(l) + 9O2(g)    6CO2(g) + 6H2O(l)

  Standard enthalpy changes of formation, ∆fH , are shown in the table.

Substance C6H12(l) CO2(g) H2O(l)

∆fH   / kJ mol−1 –156.3 –393.5 –285.8

  Calculate the standard enthalpy change of combustion, ∆cH , of cyclohexane.

	 ∆cH  =  ...........................................  kJ mol−1  [3]

Mr(C5H12) = 72.0; from graph ΔcH = −3540 kJ mol-1

n(C5H12) = 1.80 / 72.0 = 0.0250 mol

energy released = 0.0250 × 3540 = 88.5 kJ

88.5

ΔcH = ΣΔfH(products) − ΣΔfH(reactants)

= [6 × (−393.5) + 6 × (−285.8)] − (−156.3)

= (−2361 + −1714.8) + 156.3

= −4075.8 + 156.3 = −3919.5 kJ mol-1

−3919.5
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4 The hydroxyl group, –OH, is responsible for many properties of alcohols.

 (a) Methanol, CH3OH, is soluble in water because it has polar bonds.

  Pauling electronegativity values for carbon, oxygen and hydrogen are shown below.

Element Electronegativity

Carbon 2.5

Oxygen 3.5

Hydrogen 2.1

  Use a labelled diagram to explain why methanol is soluble in water.

  • Use displayed formulae showing one molecule of methanol and one molecule of water.
  •  Add partial charges d+ and d– to show the two most polar bonds in a methanol molecule 

and the polar bonds in a water molecule. 
  • Show all lone pairs.
  • Label the most important intermolecular bond between the molecules.

 [2]

C O

H

H

H

H

δ+

δ−
δ+

O

H

H
δ−

δ+

δ+

hydrogen bond

methanol

water
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 (b) Alcohol C is analysed using mass spectrometry.

OH

alcohol C

  (i) Give the systematic name of alcohol C.

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

  (ii) The mass spectrum of alcohol C is shown below.

   Write structural formulae for the ions responsible for peak X and peak Y.

   X =

   Y = 

 [2]

Item removed due to third party copyright restrictions.

3-methylbutan-2-ol

[CH3CHOH]+

[CH3CH(CH3)CH(OH)CH3]+
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 (c)* Describe the oxidation reactions of butan-1-ol forming an aldehyde and a carboxylic acid.

  Explain, using a diagram, how the aldehyde can be produced in the laboratory by controlling 
the reaction conditions.

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]

Butan-1-ol is a primary alcohol. It is oxidised by heating with acidified potassium

dichromate(VI), K2Cr2O7/H2SO4 (orange to green).

Aldehyde: heat with acidified dichromate and distil off the product as it forms:

CH3CH2CH2CH2OH + [O] → CH3CH2CH2CHO + H2O, giving butanal.

Carboxylic acid: heat under reflux with excess acidified dichromate: CH3CH2CH2CH2OH

+ 2[O] → CH3CH2CH2COOH + H2O, giving butanoic acid.

Controlling conditions (diagram below): use distillation apparatus and add the alcohol

slowly to the hot acidified dichromate. Butanal has the lowest boiling point (no

hydrogen bonding between its molecules), so it distils off as soon as it forms,

condenses in the water-cooled condenser and is collected in the receiver. The aldehyde

is removed from the oxidising agent, so it cannot be further oxidised to butanoic acid.

thermometer

water in

water out

condenser

butanal collected
heat

butan-1-ol +
H+/Cr2O7

2−
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5 Propanoic acid, CH3CH2COOH, is a member of the homologous series of carboxylic acids.

 (a) Suggest the general formula for a carboxylic acid.

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

 (b) The displayed formula for propanoic acid is shown below.

C

H

H

H C C

O

O
H

H
H

  (i) State the shape and bond angle around a carbon atom in the alkyl group of propanoic 
acid. Explain the shape.

Shape  ................................................................................................................................

Bond angle  ........................................................................................................................

Explanation  .......................................................................................................................

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

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

 ...................................................................................................................................... [2]

  (ii) Suggest a value for the C–O–H bond angle in propanoic acid.

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

CnH2nO2 (or CnH2n+1COOH)

tetrahedral

109.5°

There are four bonded pairs of electrons (four bonds) around

the carbon atom. These repel each other equally and as far apart as

possible.

104.5°
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 (c) Compound D is a neutral compound which is a structural isomer of propanoic acid, 
CH3CH2COOH.

  The infrared spectrum of compound D is shown below.

  Suggest two possible structures of compound D.

  Explain all your reasoning.

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]

Item removed due to third party copyright restrictions.

A strong peak in the range 1630 to 1820 cm-1 shows a C=O bond, so D

contains a carbonyl group (aldehyde or ketone).

A broad peak in the range 3200 to 3600 cm-1 shows an O–H bond in an

alcohol.

D is neutral, so it is not a carboxylic acid (no very broad O–H at 2500 to

3300 cm-1); it is not an ester because it contains O–H. D has formula

C3H6O2 with C=O and an alcohol O–H.

Two possible structures:

CH3COCH2OH (hydroxypropanone) and CH3CH(OH)CHO (2-hydroxypropanal).

(HOCH2CH2CHO is also possible.)
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 (d) 2-Chloropropanoic acid, CH3CHClCOOH, can be made by reacting propanoic acid with 
chlorine in a radical substitution reaction.

  (i) State the conditions for the reaction.

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

  (ii) Write the overall equation for the reaction.

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

  (iii) The first step in the reaction mechanism involves homolytic fission of a chlorine molecule 
to form two chlorine radicals.

   Why is this step an example of homolytic fission?

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

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

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

  (iv) Write two equations to show the propagation steps in the mechanism for this reaction.

   Use dots,•, to show the unpaired electrons on radicals.

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

 ...................................................................................................................................... [2]

  (v) Draw the displayed formula of the radical formed in the first propagation step.

   Use a dot,•, to show the position of the unpaired electron.

 [1]

  (vi) Further substitution forms a mixture of organic products. 

   Draw the structure of an organic product formed from 2-chloropropanoic acid by further 
substitution.

 [1]

ultraviolet (UV) light

CH3CH2COOH + Cl2 → CH3CHClCOOH + HCl

The Cl–Cl covalent bond breaks and each chlorine atom takes one

electron from the bonding pair, forming two radicals.

Cl• + CH3CH2COOH → CH3C•HCOOH + HCl

CH3C•HCOOH + Cl2 → CH3CHClCOOH + Cl•

C C CH

H

H

H O

O H

C C CH

H

H

Cl

Cl

O

O H
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6 Organic compounds can be prepared in the laboratory using synthetic routes with two or more 
stages.

 (a) A student devises a two-stage synthesis of cyclohexene from bromocyclohexane.

Br

Step 1
Intermediate E

bromocyclohexane cyclohexene

Step 2

NaOH(aq)

  (i) Suggest the structure of intermediate E and the reagent(s) and conditions for step 2.

reagent(s) and conditions .............................................................................................. [2]

  (ii) The student carries out this synthesis and obtains 1.23 g of pure cyclohexene from 5.50 g 
of bromocyclohexane.

   Calculate the percentage yield of cyclohexene.

   Give your final answer to an appropriate number of significant figures.

 percentage yield =  ..................................................... %  [3]

OH

intermediate E (cyclohexanol)

conc. H3PO4 catalyst, heat

M(C6H11Br) = 162.9;  n = 5.50 / 162.9 = 0.0338 mol

M(C6H10) = 82.0;  n = 1.23 / 82.0 = 0.0150 mol

1 : 1 ratio, so theoretical n(C6H10) = 0.0338 mol

% yield = 0.0150 / 0.0338 × 100 = 44.4%

44.4
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 (b) Cyclohexene is reacted with bromine to prepare the organic compound F.

  Give the structure of compound F and outline the mechanism for this reaction.

  Include curly arrows, charges and relevant dipoles.

 [4]

END OF QUESTION PAPER

Br

Br

δ+

δ−

Br

+

:Br−

carbocation

Br

Br

F: 1,2-dibromocyclohexane
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