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SECTION A

Answer all questions.

1.	 Complete the table below. 	  [2]

© WJEC CBAC Ltd.02

Molecule
Number of bonding 
pairs of electrons 

in outer shell

Number of lone 
pairs of electrons 

in outer shell
Shape

BeCl2 2 0
                                                            

PCl3                                                                                                                         
pyramidal

2.	 Complete the table below to show the type or types of bonding present in the following solids.
		   [2]

Solid Type or types of bonding

calcium
                                                                                                                                                                                                

iodine
                                                                                                                                                                                                

3.	 Give the oxidation number of rhenium in ReOCl4.	  [1]

	

linear

3 1

metallic

covalent and van der Waals

+6
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4.	 The diagram below shows the electron energy levels for a hydrogen atom.

© WJEC CBAC Ltd.03

 

n = ∞
n = 5
n = 4
n = 3

n = 2

n = 1

En
er

gy

	 (a)	 On the diagram, draw an arrow to represent the transition corresponding to the 
ionisation of the atom. Label this arrow A.	 [1]

	 (b)	 On the diagram, draw an arrow to represent the transition corresponding to the first line 
in the visible region in the atomic spectrum. Label this arrow B.	 [1]

5.	 A student said that  16 S2–32  and  20 Ca2+40  have the same electronic configuration.  	  

	 Do you agree? Give a reason for your answer.	 [1]

	

	

6. 	 Copper can be extracted from copper(II) oxide using hydrogen.

	 If the atom economy for this reaction is 78% and 4.2 g of copper is formed, calculate the total 
mass of the reactants.	 [2]         

			   Mass of reactants = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g

10

Agree: both ions have 18 electrons, electronic configuration 1s22s22p63s23p6

(same as argon).

A

B

atom economy = mass of desired product ÷ total mass of reactants × 100

78 = (4.2 ÷ mass of reactants) × 100

mass of reactants = 4.2 ÷ 0.78 = 5.4 g

5.4
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SECTION B

Answer all questions.

7.	 (a)	 The boiling temperatures of the hydrides of some Group 4 and Group 7 elements are 
shown in the table below.

© WJEC CBAC Ltd.04

Group 4 
hydride

Boiling 
temperature / °C

Group 7
hydride

Boiling 
temperature / °C

CH4 –161 HF 20

SiH4 –112 HCl –85

GeH4 –88 HBr –66

		  Hydrogen has an electronegativity value of 2.1.

		  The electronegativity values of the Group 4 and Group 7 elements are given below.

Element Electronegativity Element Electronegativity

C 2.5 F 4.0

Si 1.8 Cl 3.0

Ge 1.8 Br 2.8
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		  For the hydrides of the Group 4 and Group 7 elements shown in the table opposite 

	 •	 describe any trends and anomalies in boiling temperature 

	 •	 explain any differences in boiling temperature in terms of the intermolecular forces 
present.

				   [6 QER]

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

© WJEC CBAC Ltd.05

Trends: boiling temperature increases down both groups, CH4 < SiH4 < GeH4 and

HCl < HBr. HF is anomalous: it has the highest boiling temperature (20 °C), much

higher than expected from the trend. The Group 7 hydrides have higher boiling

temperatures than the Group 4 hydrides in the same period.

The stronger the intermolecular forces, the more energy is needed to separate the

molecules, so the higher the boiling temperature.

The Group 4 hydrides are tetrahedral and symmetrical, so they are non-polar and

only van der Waals (induced dipole-induced dipole) forces act between molecules.

Down the group the number of electrons increases, so the van der Waals forces get

stronger and the boiling temperature increases.

The Group 7 hydrides are polar because the halogen is more electronegative than H

(e.g. Cl 3.0, H 2.1), so permanent dipole-dipole forces act as well as van der

Waals forces. Dipole-dipole forces are stronger than induced dipole-induced dipole

forces, so Group 7 hydrides boil higher than Group 4 hydrides. From HCl to HBr

the number of electrons increases, so the van der Waals forces get stronger.

F is very electronegative (4.0) and small and has lone pairs, so HF forms hydrogen

bonds between molecules. Hydrogen bonds are much stronger than van der Waals

and dipole-dipole forces, so the boiling temperature of HF is much higher than

expected.
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	 (b)	 Methane reacts with copper(I) oxide according to the following equation.

+ + +CH4 Cu2O Cu CO2 H2O

	 (i)	 Balance the equation.	 [1]

	 (ii)	 Explain why this reaction is described as a redox process.	 [1]

	

	

	

	 (c)	 Compounds containing a Group 1 metal, a Group 3 metal and hydrogen only are known 
as complex metal hydrides. There has been much interest in their use as hydrogen 
storage systems for future fuel cell-powered vehicles.

		  One such hydride contains 38.7% Li and 50.1% Al.

		  Find the empirical formula of this compound.	 [2]

		  Empirical formula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

© WJEC CBAC Ltd.06

10

The oxidation number of C increases from −4 to +4 (carbon is oxidised)

and the oxidation number of Cu decreases from +1 to 0 (copper is

reduced), so oxidation and reduction occur together.

4 8 2

% H = 100 − 38.7 − 50.1 = 11.2

Li : Al : H = 38.7/6.94 : 50.1/27.0 : 11.2/1.01

= 5.58 : 1.86 : 11.1

÷ 1.86:  3 : 1 : 6

Li3AlH6
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8.	 (a)	 Aluminium reacts with oxygen to form aluminium oxide.

		  Using outer electrons only, draw a dot and cross diagram to show the bonding in 
aluminium oxide. 	 [2]

	 (b)	 Aluminium also reacts with chlorine to form aluminium chloride.
 
		  A 0.400 g sample of aluminium chloride was heated to 220 °C. The vapour produced 

occupied a volume of 60.8 cm3 at a pressure of 101 kPa.

		  Show that the molecular formula of aluminium chloride in the vapour is Al2Cl6.	 [4]

© WJEC CBAC Ltd.07

2
3+

Al 3
2−

O

• oxygen electron     × electron from aluminium

pV = nRT, so n = pV ÷ RT

p = 101 kPa = 1.01 × 105 Pa,  V = 60.8 cm3 = 6.08 × 10−5 m3

T = 220 + 273 = 493 K

n = (1.01 × 105 × 6.08 × 10−5) ÷ (8.31 × 493)

n = 1.499 × 10−3 mol

Mr = mass ÷ n = 0.400 ÷ 1.499 × 10−3 = 266.8

Mr(AlCl3) = 27.0 + 3(35.5) = 133.5

Mr(Al2Cl6) = 2(27.0) + 6(35.5) = 267, which matches 266.8

(266.8 ÷ 133.5 = 2), so the molecular formula is Al2Cl6

stemup.co.uk
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	 (c)	 (i)	 Sketch a graph of log (ionisation energy) for the successive ionisations of 
aluminium.

			   The first and last points have been plotted for you.  	 [1] 

© WJEC CBAC Ltd.08
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Number of electron removed 

		  (ii)	 I.	 Explain the general slope of the graph.   	 [1]

	

	

	

			   II.	 Explain the reason for any sharp changes in the graph.	  [1]

	

	

	

General increase because electrons are being removed from an

increasingly positive ion: the same number of protons hold fewer

and fewer electrons, so there is a greater effective nuclear charge.

The sharp rises (after the 3rd and 11th electrons) are due to the

electron being removed from an inner shell, which is closer to the

nucleus and so has less shielding.
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	 (d)	 Although aluminium has 25 known isotopes only two of them occur naturally. These are 

27Al which is stable and 26Al which is radioactive.

		  26Al decays by electron capture and its half-life is 7.2 × 105 years.  

	 (i)	 Give the mass number and symbol of the species produced when an atom of 26Al 
decays. 	  [1]                                                

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

	 (ii)	 If 8.0 mg of 26Al decays by electron capture, calculate the mass in grams of 26Al  
left after 2.88 × 106 years. 	  [2]

Mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g

© WJEC CBAC Ltd.09

12

26Mg

8.0 mg = 0.0080 g

number of half-lives = 2.88 × 106 ÷ 7.2 × 105 = 4

mass left = 0.0080 × (1/2)4 = 0.0080 ÷ 16 = 0.0005 g

0.0005
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9.	 (a) 	 Over 180 million tonnes of ammonia are manufactured each year.

		  The main use of ammonia is in the production of salts such as ammonium sulfate, which 
is used as a fertiliser.

2NH3 (NH4)2SO4H2SO4+

		  Explain why this is an acid-base reaction.	  [1]

	

	

	 (b) 	 Sodium hydroxide reacts with ammonium sulfate to form ammonia, sodium sulfate and 
water as shown in the equation below.

2NaOH(NH4)2SO4 2NH3+ Na2SO4 2H2O+ +

		  A 1.86 g sample of ammonium sulfate was neutralised by exactly 26.70 cm3 of a sodium 
hydroxide solution.

		  Calculate the concentration, in mol dm−3, of the sodium hydroxide solution used. 	  [3]

   Concentration = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol dm−3 

© WJEC CBAC Ltd.10

H2SO4 is a proton (H+) donor and NH3 is a proton acceptor: NH3 accepts a

proton from H2SO4.

Mr((NH4)2SO4) = 132.18

moles (NH4)2SO4 = 1.86 ÷ 132.18 = 0.0141 mol

moles NaOH = 2 × 0.0141 = 0.0282 mol

concentration = 0.0282 ÷ (26.70 ÷ 1000)

= 0.0282 ÷ 0.0267 = 1.06 mol dm−3

1.06
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	 (c) 	 Another use of ammonia is in the production of nitric acid. In the first part of this process 

ammonia is oxidised in air.

5O2(g) 4NO(g)4NH3(g) + 6H2O(g)+

		  The graph below shows how the number of moles of ammonia present changes as the 
reaction proceeds until equilibrium is reached.

© WJEC CBAC Ltd.11

A (850 °C)
B (750 °C)

Time

Number of moles 
of ammonia

	 (i) 	 State Le Chatelier’s principle.	 [1]

	

	

	 (ii)	 A student looked at curves A and B and said that the forward reaction is 
exothermic. 

		  Is he correct? Justify your answer by using Le Chatelier’s principle.   	 [2]

	

	

	

	

	 (iii)	 On the graph, draw a curve that represents the reaction at 850 °C but with a 
catalyst added to the reaction mixture.

		  Label this curve C. Explain the shape of the curve.	 [2]

	

	

	

If a system at equilibrium is subjected to a change, the position of

equilibrium will shift to minimise (oppose) that change.

Yes: more moles of NH3 at equilibrium at the higher temperature (A).

The system opposes the increase in temperature by shifting the

equilibrium position to the left, in the endothermic direction, so the

forward reaction is exothermic.

C is steeper: the catalyst makes the reaction faster so equilibrium is

reached more quickly. It levels off at the same moles as A as a catalyst

does not affect the position of equilibrium.

C
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	 (d)	 A solution of nitric acid has a concentration of 0.0550 mol dm−3. 

		  Calculate its pH. 	  [1]

pH = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (e)	 A student said that the bonds in an ammonia molecule are not purely covalent.

		  Explain why she is correct.  	  [2]

	

	

	

	

© WJEC CBAC Ltd.12

12

Nitrogen is more electronegative than hydrogen (they have different

electronegativities).

This results in polar N−H bonds: the bonding electrons are unequally

distributed, nearer the N (Nδ−−Hδ+).

pH = −log[H+] = −log(0.0550)

1.26

stemup.co.uk

https://stemup.co.uk


(2410U10-1) Turn over.

13

© WJEC CBAC Ltd.13

BLANK PAGE

PLEASE DO NOT WRITE
ON THIS PAGE

stemup.co.uk

https://stemup.co.uk


14

(2410U10-1)

10.	 (a) 	 A student investigated the thermal stability of Group 2 carbonates. She used the 
following apparatus and method.

© WJEC CBAC Ltd.14

Group 2 carbonate

heat

delivery tube

limewater

	 1. 	 Start a stopwatch at the moment you begin to heat the carbonate and continue to 
heat for 4 minutes or until the limewater turns cloudy.

	 2. 	 After the limewater turns cloudy lift the delivery tube out of the limewater then 
remove the flame from under the boiling tube.

	 3. 	 Repeat the heating procedure for each carbonate in turn.

	 4. 	 Use a spatula-measure of the appropriate carbonate, fresh limewater and heat 
with the hottest Bunsen burner flame each time.

		  Her results are shown below.

Carbonate Time taken for limewater to turn cloudy / s

MgCO3 20

CaCO3 40

SrCO3 230

BaCO3 does not turn cloudy

stemup.co.uk
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	 (i) 	 Suggest an improvement to the method to ensure that the experiment is a fair 

test. 	 [1]

	

	

	 (ii)	 Suggest why the delivery tube should be lifted out of the limewater before the 
flame is removed from under the boiling tube.	 [1]

	

	

	 (iii)	 State what conclusion she can draw about the thermal stabilities of the Group 2 
carbonates from these results.	 [1]

	

	

	 (iv) 	 The student was told that the temperature at which barium carbonate 
decomposes is 1360 °C. The maximum temperature of a typical Bunsen burner 
flame is around 800 °C.

		  State whether the limewater would have turned cloudy if she had used two 
Bunsen burners to heat the barium carbonate. Give a reason for your answer.	 [1]

	

	

	

© WJEC CBAC Ltd.15

Use the same mass/number of moles of each carbonate (same particle

size) each time.

To prevent suck back: cold limewater entering the hot boiling tube and

cracking it.

Thermal stability of the Group 2 carbonates increases going down the

group.

No, the limewater would not turn cloudy: using two Bunsen burners does

not increase the temperature of the flame to over 1360 °C (still about

800 °C).
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	 (b) 	 Barium nitrate also decomposes on heating.

2BaO(s) 4NO2(g)2Ba(NO3)2(s) O2(g)+ +

	 (i) 	 In an experiment 0.960 g of barium nitrate was heated strongly for 2 minutes. 

		  Calculate the maximum volume, in cm3, of gas that could be produced at a 
temperature of 25 °C and a pressure of 1 atm.	 [3]

Volume = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cm3

	 (ii) 	 The volume of a gas is directly proportional to its temperature at constant 
pressure.

		  A student said that if the gas formed in this experiment were collected at a 
temperature of 50 °C and at 1 atm pressure, the volume formed would be double 
that calculated in part (i).

		  Do you agree? Justify your answer.	 [1]

	

	

© WJEC CBAC Ltd.16

No: the relationship is only true when temperature is in K. 298 K to

323 K gives 225 × 323/298 = 244 cm3, not double.

Mr(Ba(NO3)2) = 137.3 + 2(14.0 + 48.0) = 261.3

moles Ba(NO3)2 = 0.960 ÷ 261.3 = 3.674 × 10−3 mol

2 mol Ba(NO3)2 give 5 mol gas (4NO2 + O2)

moles of gas = 3.674 × 10−3 × 5/2 = 9.185 × 10−3 mol

volume = 9.185 × 10−3 × 24.5 dm3 = 0.225 dm3 = 225 cm3

225
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	 (c) 	 State the conditions necessary for each of barium oxide and barium metal to conduct 

electricity. Explain this property in terms of structure and bonding in each case.	 [3]

	

	

	

	

	

	

	 (d) 	 The atomic radius of a barium atom is 0.217 nm.

		  From the list below, choose the value for the ionic radius of a barium ion. Give a reason 
for your choice.	 [2]

0.135 nm          0.210 nm          0.217 nm          0.265 nm

	

	

	

	 (e)	 A sample of barium contains two isotopes. The first isotope has a relative isotopic mass 
of 134.9 and the second a relative isotopic mass of 137.9. The relative atomic mass of 
the sample of barium is 137.3.

		  Calculate the percentage abundance of the first isotope.	 [2]

Abundance = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

© WJEC CBAC Ltd.17

15

BaO only conducts when molten (or in solution); Ba conducts when solid (or

molten).

BaO is ionic: the ions in solid BaO are fixed in a lattice and cannot move

freely, but in the molten state they are free to move and carry the charge.

Ba is metallic: it has delocalised electrons in the solid state which can move

and carry the charge.

0.135 nm

The radius is considerably reduced because 2 electrons are lost to form Ba2+,

so it has one less shell of electrons.

137.3 = [134.9x + 137.9(100 − x)] ÷ 100

13730 = 134.9x + 13790 − 137.9x

−60 = −3.0x, so x = 20

20
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11. 	 Seawater contains a number of dissolved salts. Although composition varies with location, 
1 000 cm3 of seawater contains about 20 g of chloride ions, Cl–, and about 3 g of sulfate ions, 
SO4

2–.

	 A student is given a sample of seawater from Rhossili Bay and asked to determine the chloride 
ion content by volumetric analysis and the sulfate ion content by gravimetric analysis.

	 (a) 	 Determination of chloride ion content by volumetric analysis.

© WJEC CBAC Ltd.18

The method is similar to an acid-base titration. A silver nitrate solution of known 
concentration is used to precipitate chloride ions as silver chloride.

	
CI–(aq) AgCI(s)Ag+(aq) +

The seawater is diluted by a factor of five before it is used in the titration.

The endpoint of this titration is difficult to determine directly, so potassium 
chromate(VI), K2CrO4, is used as an indicator. When all of the chloride ions have been 
used up, the chromate(VI) ions react with silver ions and produce silver chromate(VI), 
which forms a red precipitate. The instant a permanent red tinge appears in the 
solution, the endpoint has been reached.

Volume of diluted seawater in the conical flask = 25.0 cm3

Concentration of silver nitrate solution in the burette = 0.100 mol dm−3

Mean titre = 26.40 cm3 

	 (i)	 Before starting the titration, the student rinses the burette with silver nitrate 
solution. Suggest why he does this.	 [1]

	

	

	 (ii)	 Suggest why the student dilutes the seawater.	 [1]

	

	

To ensure that the concentration of the AgNO3 in the burette is

accurate: it is not diluted by water left in the burette.

The Cl− concentration is too high in undiluted seawater: it would give

too high a titre (about 132 cm3).

stemup.co.uk
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	 (iii)	 Describe how the student should dilute the seawater by a factor of five.	 [3]

	

	

	

	

	

	 (iv)	 Describe and explain one action the student might take just before the endpoint 
of the titration, to ensure that the volume of silver nitrate added at the endpoint is 
accurate.	 [2]

	

	

	

	

	 (v)	 Write an ionic equation for the precipitation of silver chromate(VI).	 [1]

	

	 (vi) 	 Calculate the mass of chloride ions in 1 000 cm3 of the original seawater, giving 
your answer to an appropriate number of significant figures. 	  [4]

Mass of chloride ions = ….. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .……. . g

© WJEC CBAC Ltd.19

Use a pipette to measure 50.0 cm3 of seawater into a 250 cm3

volumetric flask.

Make up to the mark with deionised water, stopper and invert the flask

to mix.

Add the silver nitrate drop by drop near the endpoint, swirling the flask,

to avoid overshooting the endpoint, so that the first permanent red tinge

is seen exactly.

2Ag+(aq) + CrO4
2−(aq) → Ag2CrO4(s)

moles Ag+ = 0.100 × 26.40 ÷ 1000 = 2.64 × 10−3 mol

moles Cl− in 25.0 cm3 diluted = 2.64 × 10−3 mol

moles Cl− in 25.0 cm3 undiluted = 2.64 × 10−3 × 5 = 0.0132 mol

moles Cl− in 1000 cm3 = 0.0132 × 40 = 0.528 mol

mass Cl− = 0.528 × 35.5 = 18.7 g (3 s.f.)

18.7
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	 (b)	 Determination of sulfate ion content by gravimetric analysis.

© WJEC CBAC Ltd.20

100 cm3 of undiluted seawater and 0.100 mol dm−3 barium nitrate solution were used. 

The mass of the barium sulfate precipitate was 0.65 g.

You may assume that all of the sulfate ions in the seawater were precipitated.

	 (i)	 Describe how the student carried out the gravimetric analysis to find the mass of 
the barium sulfate precipitated. 	 [5]

	

	

	

	

	

	

	

	

	

	

Pour the 100 cm3 of seawater into a beaker and add barium nitrate

solution; allow the white precipitate of BaSO4 to settle.

Add a few more drops of barium nitrate to the clear solution until no

further precipitate forms (all sulfate precipitated).

Filter the mixture through a weighed filter paper, rinsing the beaker so

all of the precipitate is transferred to the filter.

Wash the precipitate with deionised water and dry it in an oven.

Weigh, then heat and reweigh until constant mass; subtract the mass of

the filter paper from the mass of precipitate and filter paper.

stemup.co.uk
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	 (ii)	 Calculate the minimum volume, in cm3, of barium nitrate solution needed to 
precipitate all of the sulfate ions in 100 cm3 of the seawater.	 [3]

Volume = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cm3 

	 (iii)	 Suggest why the volume of barium nitrate needed was different to the volume of 
seawater used.	 [1]

	

	

END OF PAPER

The concentration of the barium nitrate solution is higher than the

concentration of sulfate ions in the seawater.

Mr(BaSO4) = 137.3 + 32.1 + 4(16.0) = 233.4

moles BaSO4 = 0.65 ÷ 233.4 = 2.785 × 10−3 mol

moles Ba(NO3)2 = moles SO4
2− = 2.785 × 10−3 mol

volume = 2.785 × 10−3 ÷ 0.100 = 0.02785 dm3 = 28 cm3 (2 s.f.)

28
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