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SECTION A

Answer all questions in the spaces provided.

1.	 Using the convention of arrows to represent electrons, complete the electronic structure of an 
atom of chromium.	 [1]

   1s           2s                  2p                  3s                  3p                                 3d                          4s

a a

2.	 State which one of the following statements is true.	 [1]

	 A	 The first ionisation energy of neon is greater than the first ionisation energy of helium.   

	 B	 The first ionisation energy of sodium is less than the first ionisation energy of neon.

	 C	 The first ionisation energy values increase down Group 1.

	 D	 The second ionisation energy of sodium is less than the first ionisation energy of sodium.

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

3.	 The half-life of a radioactive isotope  xZ is 15.0 hours. It decays by beta emission to a stable 
isotope of magnesium, 12Mg.

	 (a)	 Give the atomic number and symbol of this radioactive isotope.	 [1]

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

	 (b)	 After a period of 45.0 hours from the start of the decay, only 0.15 g of  xZ remains.

		  Calculate the starting mass of the radioactive isotope  xZ.	 [2]                                                                         

	 Starting mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g

a aa
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4.	 The mass spectrum of bromine trifluoride, Br19F3, shows two molecular ion peaks of equal 

intensity at m/z  136 and 138.

	 State what can be deduced about the relative isotopic masses of the bromine atoms present and 
their percentage abundances.	 [2]

	

	

	

5.	 The graph shows the distribution of energies in a sample of gas at a certain temperature, T1.

© WJEC CBAC Ltd.

T1

energy E

Fraction of molecules 
with energy, E

	 Sketch on the graph the curve obtained at a higher temperature, T2.	 [1]
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6.	 The standard enthalpy change of formation, ΔHf , of phosphorus(V) chloride is –463 kJ mol−1. 

	 (a)	 State the standard conditions of temperature and pressure used, showing the units.	 [1]

		  Temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

		  Pressure        . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (b)	 Calculate the heat evolved when 45.2 g of phosphorus(V) chloride (Mr 209) is produced 
from phosphorus and chlorine under standard conditions.	 [1]

	 Heat evolved = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kJ 

	 Total Section A [10] 

© WJEC CBAC Ltd.
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SECTION B

Answer all questions in the spaces provided.

7.	 (a)	 The explosive HMX has the following structural formula. State its empirical formula.	 [1]

© WJEC CBAC Ltd.

NO2N NO2N

N

N

CH2

H2C

CH2

CH2

NO2

NO2

	 (b)	 Another explosive, RDX, has the formula C3H6N6O6.

	 (i)	 Use the data table and the Hess cycle below to calculate the enthalpy of detonation, 
ΔH, of RDX.	 [3]

3N2(g)C3H6N6O6(s) 3CO(g) ++ 3H2O(g)

3N2(g)3C(s) ++ 3H2(g) 3O2(g)+

Compound Enthalpy of formation 
ΔHf / kJ mol−1

RDX(s) +62

CO(g) −111

H2O(g) −242

	 ΔH = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kJ mol−1

ΔH

ΔH1 ΔH2

1
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0
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0
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	 (ii)	 The result from (b)(i) can be used to help you sketch the reaction profile for the 

explosive detonation of RDX.

		  Draw this profile using the axes given below. Label your profile with reactants, 
products and the activation energy.	 [2]

© WJEC CBAC Ltd.

Progress of reaction

Energy

	 (iii)	 The activation energy for the explosive detonation of RDX is 199 kJ mol−1 
whereas the activation energy for the explosive detonation of mercury fulminate is  
105 kJ mol−1.

		  Define the term activation energy and hence comment on the relative stability of 
these two explosives.	 [2]
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	 (c)	 The explosive Tetryl is made by adding concentrated nitric acid to N,N-dimethylphenylamine 
under suitable conditions. An equation for this is shown below.

                    C6H5N(CH3)2   +   4HNO3          C6H2(NO2)3N(CH3)(NO2)   +   CH3OH   +   3H2O
                                                                                      Tetryl

	 (i)	 State why the atom economy for this reaction is not 100 %.	 [1]

	

	

	 (ii)	 Tetryl produced in this reaction needs further treatment. It can be purified by 
dissolving it in propanone and then adding water, or by recrystallisation using 
benzene as the solvent.

		  State any factor in the purification of Tetryl that does not fit with the principles of 
Green Chemistry.	 [1]

	

	

© WJEC CBAC Ltd.
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	 (d)	 Many fireworks contain metal compounds that emit visible light. The colours given by 
barium and calcium compounds and their wavelengths are given in the table.

	 (i)	 State which of these two colours has the higher energy, giving a reason for your   
answer.	 [1]

	

	

	 (ii)	 The colours seen are as a result of the emission of visible light. State how these 
colours are produced.	 [3]

	

	

	

	

	

	

	 Total [14]

Metal Colour Wavelength / nm

barium green 554

calcium orange-red 616
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8.	 (a)	 A student was given an aqueous solution of iodic(V) acid, HIO3, and was asked to find its 

concentration by titration with sodium hydroxide solution.

                                            NaOH    +    HIO3        NaIO3    +    H2O

		  He rinsed the burette with water and then filled it with the iodic(V) acid solution. 25.0 cm3 
of sodium hydroxide solution of concentration 0.125 mol dm−3 were used for each titration 
against the aqueous iodic(V) acid. The following results were obtained.

© WJEC CBAC Ltd.

Titration 1 2 3 4 5

Volume of iodic(V) acid 
solution used / cm3 19.20 18.60 18.70 18.55 18.55

	 (i)	 Sodium hydroxide is described as a base. State what is meant by the term base.
	 [1]

	

	

	 (ii)	 The teacher said that the result of titration 1 was too high. State one reason why a 
fault in the practical method could explain this result.	 [1]

	

	

	 (iii)	 Use the results from titrations 2 to 5 to calculate the mean volume of iodic(V) acid 
solution and hence the concentration of the acid in mol dm−3.	 [3]

	 Concentration of iodic(V) acid = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol dm−3    
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	 (iv)	 Iodic(V) acid is an expensive material to use and a student suggested that it would 
be more economical if only 10.00 cm3 of sodium hydroxide solution were used for 
each titration.

		  Suggest one reason why this was not done in this experiment.	 [1]
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Volume of sodium 
thiosulfate solution / cm3 23.5 30.2

Carbon monoxide / mol × 10−4 1.05 1.30

	 (b)	 The percentage by volume of carbon monoxide in a gas mixture can be found by reacting 
it with an iodine compound, and titrating with sodium thiosulfate solution, from which the 
number of moles of carbon monoxide present can be found.

		  Two results obtained by this method are shown below.

1.00
20.0

22.0

24.0

26.0

28.0

30.0

32.0

1.05 1.10 1.15 1.20 1.25 1.30 1.35

Carbon monoxide / mol × 10−4

Vo
lu

m
e 

of
 s

od
iu

m
 th

io
su

lfa
te

 s
ol

ut
io

n 
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m
3

	 (i)	 Plot these two points on the grid provided and then join them with a straight line.
	 [1]
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	 (ii)	 In an experiment the carbon monoxide in a gas mixture of volume 300 cm3 gave a 

reading of 28.40 cm3 of sodium thiosulfate solution.

		  Use your graph to find the number of moles of carbon monoxide present in the gas 
mixture and hence calculate the percentage by volume of carbon monoxide in the 
gas mixture. Give your answer to three significant figures.	 [3]

		  [1 mol of any gas has a volume of 24 000 cm3 at the conditions used]

	 Percentage of carbon monoxide by volume = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

	 (c)	 Harmful gases from vehicle exhausts include carbon monoxide and nitrogen(II)  
oxide, NO. In a catalytic converter these two gases are converted to nitrogen and carbon 
dioxide by passing them over a mixture of platinum and rhodium metals.

		  Give the equation for this reaction.	 [1]

	

© WJEC CBAC Ltd. Turn over.
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	 (d)	 Catalysts are very important in many industrial processes.

		  Discuss how catalysts

	 •	 increase the rate of a reaction 
	 •	 affect equilibrium reactions	 [4]
	 QWC [1]

	

	

	

	

	

	

	 Total [16]

© WJEC CBAC Ltd.
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9.	 (a)	 Methanol, CH3OH, is made from a mixture that contains carbon monoxide and hydrogen.

© WJEC CBAC Ltd.

CO(g)  2H2(g)+ OCH

H

H

H (g)

	 (i)	 Use the table of average bond enthalpies to calculate the enthalpy change for this 
reaction.	 [2] 

	 Enthalpy change = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kJ mol−1

	 (ii)	 State why the calculated value for the enthalpy change of reaction may not be the 
same as the literature value.	 [1]

	

	

	

Bond  Bond enthalpy / kJ mol−1

C      O 336

C      H 413

H      H 436

O      H 464

C      O
in carbon monoxide 1077



CO(g)  2H2(g)+ OCH

H

H

H (I)

		  is more exothermic than the literature value for the reaction shown opposite.

		  State why these two values are different, explaining your answer.	 [1]

	

	

	

	 (iv)	 The reaction to make methanol is in dynamic equilibrium.

CO(g)   +   2H2(g)   a   CH3OH(g)

	 I.	 State what is meant by the term dynamic equilibrium.	 [1]

	

	

	 II.	 Use the equation above and your answer to (i) to suggest and explain the 
conditions of temperature and pressure that will give the greatest yield of 
methanol.	 [2]
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	 (iii)	 The literature value of the enthalpy change for the reaction

© WJEC CBAC Ltd. Turn over.



18

(1091-01)

Examiner
only

© WJEC CBAC Ltd.

	 (b)	 The equation for the reaction that represents the enthalpy change of combustion of 
methanol, ΔHc , is shown below.

CH3OH(l)    +    1   O2(g)           CO2(g)    +    2H2O(l)

	 (i)	 Estimate the enthalpy change of combustion of methanol by using the following 
table, explaining how you obtained your answer.	 [2]

1
2

Name of alcohol Number of carbon atoms 
in the alcohol

Enthalpy change of 
combustion / kJ mol−1

butan-1-ol 4 −2678

pentan-1-ol 5  −3331

hexan-1-ol 6 −3984

	

	

	

	 Enthalpy change of combustion = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kJ mol−1
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		  The result obtained by this method is often lower than the accepted value.

		  Suggest one way in which the apparatus could be modified in order to obtain a 
result closer to the expected value, giving a reason for your answer.	 [2]

	

	

	

	 (iii)	 In another experiment the enthalpy change of combustion of methanol was 
measured and found to be −680 kJ mol−1.

		  Calculate the mass of methanol burned in this experiment if the energy released by 
burning the methanol was 18.7 kJ.	 [2]

	 Mass of methanol = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g

	 Total [13]

© WJEC CBAC Ltd.

	 (ii)	 Enthalpy changes of combustion can be measured directly. A student used the 
apparatus below to obtain the value for methanol.

calorimeter water

wick

methanol
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10.	 (a)	 The graph below shows the log of the successive ionisation energies for magnesium.

© WJEC CBAC Ltd.
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		  Using the electron configuration for magnesium discuss how and why the values for the 
ionisation energies change according to the number of electrons removed.	 [4]

	 QWC [1]
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	 (b)	 Strontium, Sr, is another metal found in Group 2 of the Periodic Table. It reacts rapidly 
with cold water to produce a solution of the strong base strontium hydroxide, Sr(OH)2, and 
hydrogen.

Sr    +    2H2O            Sr(OH)2    +    H2

		  In an experiment 1.260 g of strontium gave 0.0140 mol of hydrogen gas.

	 (i)	 Use this information to calculate the relative atomic mass of strontium in this sample. 
	 [2]

	 Relative atomic mass of strontium = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 A solution of strontium hydroxide can be used to obtain crystals of hydrated strontium 
hydroxide, Sr(OH)2.xH2O. On heating to 100 °C the water is lost giving anhydrous 
strontium hydroxide.

Sr(OH)2.xH2O(s)           Sr(OH)2(s)   +    xH2O(g)

			   A sample of hydrated strontium hydroxide of mass 11.95 g was heated and produced 
5.47 g of anhydrous strontium hydroxide (Mr 121.62).

			   Calculate the value of x in Sr(OH)2.xH2O.	 [3]

	 x = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

© WJEC CBAC Ltd.
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	 (iii)	 Use the information in the question to suggest another method that could be used to 

find the value of x in Sr(OH)2.xH2O and how this method could be used to produce 
the value of x.	 [3]

	

	

	

	

	

	 (c)	 A solution that cannot dissolve any more solute is called a saturated solution. A saturated 
solution of strontium chloride can be represented as an equilibrium mixture between the 
solid and its solution.

SrCl2(s)    a    Sr2+(aq)    +    2Cl−(aq)

		  When hydrochloric acid is added, the clear solution of strontium chloride becomes cloudy.

		  Use Le Chatelier’s Principle to explain the appearance of this cloudiness.	 [2]

	

	

	

	 Total [15]

© WJEC CBAC Ltd.
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11.	 Magnesite is a mineral that consists largely of magnesium carbonate. A sample of crushed 
magnesite of mass 6.72 g and an excess of dilute hydrochloric acid of concentration 2 mol dm−3  
were placed in a conical flask on a balance.

© WJEC CBAC Ltd.

cotton wool

crushed magnesite

	 Carbon dioxide was given off during the reaction and the loss in mass was recorded at set 
intervals.

	 (a)	 Suggest why cotton wool was placed in the neck of the flask.	 [1]

	

	

hydrochloric acid
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		  (i)	 Use the graph to find the time taken for half of the original mass of magnesite to 
react.	 [1]

	 Time = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . min

		  (ii)	 Use the graph to calculate the initial rate of the reaction, giving its unit.	 [2]

	 Rate = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

© WJEC CBAC Ltd.

	 (b)	 The results from the experiment were plotted in a graph.
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		  (iii)	 Use collision theory to explain how the rate of the reaction changes during the 

reaction. You should consider both reactants in your answer.	 [3]
	 QWC [1]

	

	

	

	

	

	

		  (iv)	 The experiment was repeated using the same mass of magnesite but in a lump 
form.

			   Sketch on the graph (previous page) the resulting line for this experiment.	 [2]

	 (c)	 In a further experiment an excess of magnesite was added to some hydrochloric acid. 
At the end of the reaction a neutral solution of magnesium chloride and some unreacted 
magnesite remained.

		  Outline how the pH of the mixture would change during this reaction, suggesting pH 
values where appropriate.	 [2]

	

	

	

	 Total [12]

	 Section B Total [70]

END OF PAPER
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