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SECTION A

Answer all the questions in the spaces provided.

1. An isotope of magnesium, 
27

Mg, is used to detect leaks in water pipes.

(a) It decays by β−emission with a half life of 9·5 minutes.

(i) Give the symbol and mass number of the atom formed by the loss of one β
particle from an atom of 

27
Mg. [1]

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

(ii) Calculate how long it will take for the activity of the isotope to decay to    
th

of
its original activity. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . minutes

(b) Complete the boxes below, by inserting arrows to represent electrons, to show the
electronic configuration of an atom of magnesium. [1]

(1091-01)

1s 2s 2p 3s 3p

1

16

2. Calcium oxide is made by heating calcium carbonate in air.

CaCO3 CaO   +   CO2

1 mole 1 mole

Calculate the maximum mass of calcium oxide formed when 0·500 mole of pure calcium
carbonate is heated. [2]
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Jan 2009



6 Examiner
only

(1091-01)

(c) One method of removing sulfur dioxide from power station emissions is to react the
flue gases with moist calcium carbonate (limestone), giving hydrated calcium
sulfate (gypsum) and carbon dioxide.

2SO2 +  2CaCO3 +  4H2O  +  O2 2CaSO4.2H2O  +  2CO2

One advantage of this process is that the gypsum can be used for the production of
plaster.
State two disadvantages of this method of sulfur dioxide removal, apart from cost.

[2]

Disadvantage 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

Disadvantage 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

(d) Some students measured the concentration of sulfur dioxide in the air.
They pumped air at a rate of 20 dm

3
per hour for 5 days through a suitable solution

that absorbed the sulfur dioxide present.
The resulting solution was then treated to give 0·0047 g of barium sulfate, BaSO4.
You should assume that 1 mole of sulfur dioxide gives 1 mole of barium sulfate.

(i) Calculate the total volume of air passed through the solution in 5 days. [1]

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dm
3

(ii) Calculate the relative molecular mass of barium sulfate. [1]

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

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

(iii) Use your answer to (ii) to calculate the number of moles of barium sulfate
present. [1]

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

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

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

(iv) State the number of moles of sulfur dioxide present in the sampled air. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(v) Calculate the volume of sulfur dioxide present in the sampled air. [1]
[One mole of sulfur dioxide has a volume of 24·0dm

3
under these conditions.]

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dm
3

(vi) Calculate the percentage by volume of sulfur dioxide in the sampled air. [1]

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

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

Total [14]

Jan 2009
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Use this information to

I. state the relative isotopic masses of the two bromine atoms, 
x
Br, [1]

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

II. find the relative abundance of the two bromine isotopes, giving a reason
for your answer. [2]

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

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

(c) Elfed carried out an experiment, using the simple apparatus shown below, to find
the enthalpy change for the reaction between hydrobromic acid, HBr(aq), and
aqueous sodium hydroxide.

HBr(aq)  +  NaOH(aq)                             NaBr(aq)  +  H2O(l)

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0

0
1
1
0

-1
0

0

reaction mixture

expanded polystyrene cup

Relative
abundance

m/e

158 159 160 161 162

(iii) The products of the reaction were examined using a mass spectrometer.
The molecular ion peaks for Br2

+
are shown in the diagram.

Jan 2009



15

(1091-01)

Examiner
only

(b) Neon, discovered in 1898, has three naturally occurring isotopes, of which 
20

Ne is
the most abundant. It is unreactive and forms no compounds.
Use this information to help you answer the questions below.

(i) One reason that neon does not react with other elements is because its first
standard molar ionisation energy is very high, having a value of 2081kJ mol

–1
.

Write an equation that represents the first standard molar ionisation energy of
neon. [2]

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

(ii) Explain the meaning of the term relative isotopic mass. [2]

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

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

(iii) Explain, how the relative atomic mass differs from the relative isotopic mass.
[1]

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

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

(iv) At a certain temperature and pressure, 0·890 g of 
20

Ne occupies a volume of 
1 dm

3
. Use this value to find the volume occupied by 1 mole of neon at this

temperature and pressure. [2]

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dm
3

Total [14]

Turn over.

June 2009
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

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

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

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

(ii) 20·0 cm
3

of the diluted sodium hydroxide solution reacted with 0·00500 mole
of hydrochloric acid.

NaOH  +  HCl                             NaCl  +  H2O

I. State the number of moles of sodium hydroxide present in the 20·0 cm
3

sample. [1]

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

II. Calculate the concentration of the diluted sodium hydroxide solution.
[2]

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol dm
–3

III. State the concentration of the original sodium hydroxide solution. [1]

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol dm
–3

IV. State how you would identify the end-point of this titration. [1]

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

Total [14]

Section B Total [70]

Turn over.

June 2009



3

Turn over.

Examiner
only

(1091-01)

2. (a) Cobalt reacts with hydrochloric acid to give cobalt chloride and hydrogen.

Co(s)   +   2HCl(aq)                                 CoCl2(aq)   +   H2(g)

(i) Suggest a method for measuring the rate of this reaction. [1]

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

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

(ii) State what could be done to the cobalt to increase the rate of this reaction. [1]

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

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

(b) A radioactive isotope of cobalt has a half-life of 71 days. Starting with 16 g, calculate the
mass of this isotope remaining after 213 days. [1]

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

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

3. State the mass of carbon that contains the same number of atoms as there are molecules in 16 g
sulfur dioxide, SO2. [1]

A 3g

B 6g

C 12g

D 64g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

June 2009



8 Examiner
only

(1091-01)

(b) The use of lead compounds in paints and pigments has been common for many centuries,
although, due to its toxicity, this is now rare.

(i) ‘White lead’, which is based on lead carbonate, was used as a skin whitening
cosmetic by Queen Elizabeth I in the 16th century.

Analysis of lead carbonate shows that it has the following percentage composition
by mass: Pb 77.5%; C 4.50%; O 18.0%.

Calculate the empirical formula of lead carbonate.
Show your working. [2]

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

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

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

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

(ii) ‘Red lead’, which is based on lead oxide, Pb3O4, is used in anti-corrosive paint.

It is formed by oxidising lead(II) oxide with oxygen.

6PbO     +     O2 2Pb3O4

I. Calculate the molar mass of Pb3O4. [1]

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

II. Calculate the mass of Pb3O4 that could be formed from 134 g of PbO.
[3]

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

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

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

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

Total [14]

June 2009



13 Examiner
only

(1091-01) Turn over.

(iii) On the diagram, draw and label the transition corresponding to the ionisation of the
atom. [1]

(b) Hydrogen exists as two naturally occurring isotopes, 1H and 2H.

(i) A mass spectrum of a sample of hydrogen showed that it contained 1H 99.20% and
2H 0.8000%.

Calculate the relative atomic mass of the hydrogen sample, giving your answer to

four significant figures. [2]

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

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

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

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

(ii) In the mass spectrum, explain why peaks due to hydrogen atoms are present,
although hydrogen gas contains only H2 molecules. [1]

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

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

(c) Below is a diagram of a mass spectrometer.

(i) Name part B. [1]

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

(ii) Name part C. [1]

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

(iii) State the function of part A. [1]

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

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

C

A

B

June 2009
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only

(1091-01)

9. Elinor is given a mixture containing sodium carbonate and she carries out a two-part experiment
to determine the percentage of sodium carbonate in the mixture.

In part 1, she accurately weighs 2.05 g of the mixture, transfers all of it to an appropriate
container, adds 100 cm3 of distilled water to ensure that it all dissolves and accurately makes up
the solution to 250cm3 with distilled water.

In part 2, she pipettes 25.0 cm3 of the solution into a container, adds 3 drops of an appropriate
indicator and titrates this solution with hydrochloric acid of concentration 0.100 mol dm–3. She
repeats this procedure three times and obtains the following results.

Titration

Final reading (cm3)

Initial reading (cm3)

Titre (cm3)

1

23.50

0.40

2

24.10

0.15

3

24.10

0.90

4

23.40

0.25

(a) Name a suitable container to make up the solution that could be used in part 1. [1]

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

(b) Complete the table to show the values of the titres. [1]

(c) Identify clearly any anomalous results and calculate a mean value. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(d) The equation for the reaction between sodium carbonate and hydrochloric acid is given
below.

Na2CO3 +   2HCl                                2NaCl   +   H2O +   CO2

(i) Use your answer to part (c) to calculate the number of moles of HCl used in the
titration. [1]
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(ii) Deduce the number of moles of Na2CO3 in 25.0 cm3 of the solution. [1]
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(iii) Calculate the total number of moles of Na2CO3 in the original 250cm3 solution. [1]
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(iv) Calculate the mass of Na2CO3 in the original solution. [1]
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(v) Calculate the percentage of Na2CO3 in the mixture. [1]
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(e) Elinor’s percentage for sodium carbonate was slightly lower than the actual value. When
asked why, she stated ‘I did not add the acid drop by drop at the end and so overshot the
end-point’.

State two other common sources of error in such experiments and explain why Elinor’s
statement cannot be correct.
(Assume that all the equipment is clean and all chemicals are pure.) [4]

QWC [2]
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(iii) Determine the total time required for the 10g mass of 192Ir to decay to 1.25g. [2]
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(iv) Calculate, from the graph, the rate of decay of 192Ir (g day–1) during the first 20 days.
[2]
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(d) Compound P, one of the most important compounds of iridium, is a black solid containing
10.2% sodium, Na, 42.6% iridium, Ir, and 47.2% chlorine, Cl, by mass.

(i) Calculate the empirical formula (which is also the molecular formula) of compound
P. 

Ar(Na) = 23.0;  Ar(Cl) = 35.5;  Ar(Ir) = 192. [2]
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(ii) Compound P is made by reacting a mixture of sodium chloride, NaCl, and an
iridium chloride, IrClx. There is only one product of the reaction. By constructing a
balanced equation, or otherwise, determine the value of x in the iridium chloride
formula, IrClx.

[1]
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(c) Another area of investigation is the use of a new type of plastic membrane, structured by
means of nanotechnology, to catch carbon dioxide gas whilst allowing other waste gases to
pass freely through.

If 1000 dm3 of waste gas at 25 °C yielded 275 g of carbon dioxide, separated by a plastic
membrane, calculate:

(i) the number of moles of carbon dioxide in the 275g separated by the membrane; [2]
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(ii) the volume of carbon dioxide separated at 25°C; [1]
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[One mole of gas has a volume of 24.0dm3 at 25°C and 1atm pressure]

(iii) the percentage by volume of carbon dioxide in the waste gas. [1]
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(d) Carbon dioxide, CO2 is an acid gas.

(i) Define the term acid. [1]
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(ii) By considering its interaction with water, explain how carbon dioxide can behave as
an acid. [1]
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(iii) Though the pH of pure water is 7, explain why naturally-occurring water in contact
with air has a pH of less than 7. [1]
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SECTION A

Answer all questions in the spaces provided.

1. A gaseous isotope of hydrogen, tritium,     H, is produced in the upper atmosphere.

(i) State which of the following correctly describes an atom of tritium. [1]

A

B

C

D

Number of protons Number of neutrons Number of electrons

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

(ii) Tritium is a radioactive gas with a half-life of  12.5 years. A sample of  tritium has a
mass of 0.960 g.
Calculate the mass of tritium remaining after 37.5 years. [1]
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. Cyanogen is a compound containing only carbon and nitrogen.
It has a relative molecular mass of 52.

(i) State the molecular formula of cyanogen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

(ii) State the empirical formula of cyanogen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

3
1

1 1

1
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1

2

1
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3. The mass spectrum of the colourless gas bromine fluoride, Br19F, shows two molecular ions.

(i) State the mass numbers of the two bromine isotopes present in bromine fluoride. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Bromine fluoride is unstable and readily gives Br19F3.
State the mass/charge (m/z) value for the molecular ion Br19F3

+, when all the bromine is
present as the isotope 85Br. [1]

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

4. The first two standard molar ionisation energies for magnesium are shown in the table.

Electron removed

first

second

736

1450

Standard molar ionisation energy / kJ mol–1

State which of  the following is the value for the third molar standard ionisation energy, 
in kJ mol–1, of magnesium. [1]

A 457

B 923

C 2170

D 7740 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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5. One industrial method of preparing fumaric acid is to heat maleic acid in the presence of a
catalyst.

(i) Deduce the atom economy of this reaction. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

(ii) Data from a manufacturer states that the percentage yield of fumaric acid is 95 % using
a 150 kg batch of maleic acid.

Calculate the mass of fumaric acid formed. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kg

6. Choose the mass of methane, CH4, that contains the same number of molecules as there are
molecules in 96 g of silane, SiH4. [1]

A 36 g

B 48 g

C 96 g

D 144 g

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

Total Section A [10]

maleic acid fumaric acid
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SECTION B

Answer all questions in the spaces provided.

7. Ammonia, NH3, is produced from nitrogen and hydrogen.

N2(g)     +     3H2(g)                 2NH3(g)

(a) Typically, this process is carried out at a temperature of  450 °C, at a pressure of
250 atmospheres and in the presence of an iron catalyst. The yield is around 15 %.

(i) If  this reaction were carried out using a reduced pressure of 50 atmospheres, the
process would be safer because of the lower pressure used.

State one disadvantage of using this lower pressure. [1]
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(ii) In the actual process some of the ammonia is removed as the reaction proceeds.

State and explain what effect this removal has on the position of equilibrium. [2]
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(iii) How would the equilibrium yield be affected if  the reaction were run without
using the catalyst? [1]

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

(b) Some of the ammonia is reacted with sulfuric acid to produce the fertiliser ammonium
sulfate.

2NH3 +     H2SO4 (NH4)2SO4

(i) State the molar masses of

ammonia    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g    ammonium sulfate    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g [1]

(ii) Calculate the maximum mass of ammonium sulfate, in tonnes, that can be made
from 17.03 tonnes of ammonia. [3]
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(c) A member of the public read in an article that the pH of an ammonium sulfate solution
was 6. He asked you to explain what was meant by the pH scale.
What would be your reply? [2]
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(d) Ammonium nitrate, NH4NO3, is also used as a fertiliser. However, in the presence of
certain impurities, it can explode very violently. This explosive reaction gives nitrogen,
oxygen and steam.

NH4NO3(s)             N2(g)    +    2H2O(g)    +        O2(g)     ∆H =  –296 kJ mol–1

Mr 80

Some years ago 400 tonnes (4 × 108 g) of  ammonium nitrate, stored in a ship in a
harbour, exploded, causing extensive damage.

Calculate the energy produced in this explosion, in kJ. [2]
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9. (a) The compound maleic anhydride (Z-butenedioic anhydride) is an important compound
that is used in the production of polyester resins.

(i) Three compounds, L, M and N, can be used to produce maleic anhydride in the
presence of oxygen. The same conditions are used in each method.

I Using the information in the table only suggest which compound, L, M or N,
should be used to produce maleic anhydride. Explain your reasoning. [2]
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

II Chemical manufacturers are interested in methods of production that have a
minimum effect on the environment – ‘Green Chemistry’.
Suggest two factors (not from information given in the table) that
manufacturers should take into account when considering the production of
maleic anhydride. [2]
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2. (a) Calculate the molar mass, in gmol–1, of calcium sulfate dihydrate, CaSO4.2H2O. [1]
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(b) Calculate the percentage of water, by mass, in calcium sulfate dihydrate. [1]
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3. Ions of two isotopes of the metal lithium are shown below.

Li+ Li+

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

A The electron arrangement of both these Li+ ions is 1s22s1.
B The 7Li+ ion will have more protons in its nucleus than the 6Li+ ion.
C The 7Li+ ion will be deflected more than the 6Li+ ion in a mass spectrometer.
D Both of these Li+ ions have the same number of electrons.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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SECTION A

Answer all questions in the spaces provided.

1. By inserting arrows to represent electrons, complete the boxes below to show the electronic
configuration of a calcium atom. [1]

6
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4. Complete the diagram below to show how radiation is affected by an electric field and by
materials of different thickness. [3]

charged plates

5mm leadthin paper

α

β

γ

5. A compound of carbon, hydrogen and oxygen has a relative molecular mass of 180. The
percentage composition by mass is C 40.0%; H 6.70%; O 53.3%.

(a) Calculate the empirical formula of this compound. [2]
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(b) Determine the molecular formula of this compound. [1]
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SECTION B

Answer all questions in the spaces provided.

6. Potassium metal was discovered in 1807 by the British chemist Sir Humphrey Davy. Its name
derives from the word ‘potash’ since potassium was isolated by the electrolysis of molten
caustic potash, KOH.

(a) The mass spectrum of a naturally occurring sample of potassium gave the following
results.

Isotope

39K
40K
41K

%
abundance

93.26

0.012

6.730

These results can be used to determine the relative atomic mass of the potassium
sample.

(i) Explain the term relative atomic mass. [2]
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(ii) Calculate the relative atomic mass of the potassium sample, giving your answer to
four significant figures. [2]
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(b) The mass spectrum which provided these results was produced by potassium ions in a
mass spectrometer.

(i) State how potassium ions are formed in a mass spectrometer. [1]
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(ii) State how potassium ions are separated in a mass spectrometer. [1]
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(c) Potassium-40, K, is a radioactive isotope that decays by -emission and has a half-life
of 1.25×109 years.

(i) Write an equation for the process by which a potassium-40 isotope emits a
-particle. [2]

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

(ii) Calculate how long it will take for the activity of the isotope to decay to th of
its original activity. [1]
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(d) The first and second ionisation energies of potassium and sodium are shown in the
table below.

40
19 β

β

1⁄8

potassium

sodium

419

496

3051

4562

1st ionisation energy
/ kJmol–1

2nd ionisation energy
/ kJmol–1

(i) Explain the term molar first ionisation energy. [2]
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(ii) Explain why
I potassium has a lower first ionisation energy than sodium, [2]
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7. Eurig is asked to measure the rate of reaction of calcium carbonate with dilute hydrochloric
acid. He is given 1.50g of the carbonate and 10.0cm3 of acid of concentration 2.00mol dm–3.

CaCO3(s) + 2HCl(aq) CaCl2(aq) + CO2(g) + H2O(l)

(a) Give an observation that Eurig makes during this reaction. [1]
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(b) Name a piece of apparatus that he could use to collect and measure the volume of
carbon dioxide produced. [1]
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(c) Suggest a method, other than measuring the amount of carbon dioxide produced at set
time intervals, that Eurig could have used to follow the rate of this reaction. [1]
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(d) (i) Calculate the number of moles of hydrochloric acid used in this reaction. [1]
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(ii) Calculate the minimum mass of calcium carbonate needed to react completely
with this amount of acid. [2]

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

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

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

(iii) Calculate the volume of carbon dioxide gas that would be produced at 25°C. [2]
(1mole of carbon dioxide occupies 24dm3 at 25°C.)
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(b) Recently hydrogen has been receiving interest as a ‘source of energy’.
It can be prepared by the steam reforming of methane.

CH4(g) + H2O(g) CO(g) + 3H2(g) H = 206kJmol–1

(i) State Le Chatelier’s Principle. [1]
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(ii) Giving your reasons, state how the equilibrium yield of hydrogen is affected, if at
all, by

I increasing the temperature at constant pressure, [2]
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II increasing the pressure at constant temperature. [2]
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(iii) Calculate the atom economy of hydrogen production in the above reaction. [2]
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You must show your working. [1]
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 (b) 

  Method 1: 

2

  Method 2: 
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 CuSO4 4

 (a) 
CuSO4.5H2O.

CuSO4.5H2

 

 

3 –3.
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SECTION A

Answer all questions in the spaces provided.

1. p orbital. [1]

2. relative atomic mass: [1]

 

 

 

3. one

 A

 B

 C

 D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4.

  C   12.1 %  O   16.2 %  Cl   71.7 %

 (a) empirical

 

 

 

 

 (b) molecular 
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7. 

2(aq)  +  H2

Experiment 3 –3

A 0.061 40.0

B 0.101 40.0 1.00

C 0.101 20.0 2.00

Table 1

 The results obtained in experiment C are shown in Table 2 below.

Table 2
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 (d) only C. [2]

 

 

 

 (e) (i) In experiment A 3  
 3 would be 

  3

 

 

 

 dm3

 

 

 

 (f) C

are the same as those in Table 1. [3]
   QWC [1]

 

 

 

 

   Total [16]
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3
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 Berian’s results are shown below:

3

3

 (a) 3

water. [1]

 

 

 (b) 3

 

 (c)

 

 (d)
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MOH   +   HCl                     MCl   +   H2O

–3

 

 

 

 

3

 

 

 

 

 

 

    Total [12]

    Section B Total [70]

Examiner
only

© WJEC CBAC Ltd.

June 2012



2
Examiner

only
SECTION A

Answer all questions in the spaces provided.

1. 

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

2. second
gallium in the box below. [1]

  A    +   2e–              Ga2–

  B              Ga2–    +   2e–

  C Ga+              Ga2+    +   e–

  D Ga2+    +   2e–              Ga

3. Li 12.0 % and 7

three 

Relative atomic mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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[Ar

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

 Section A Total [10]
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 (c) 
  Na2CO .NaHCO .2H2O.

  2[Na2CO .NaHCO .2H2 2CO 2 2

 Atom economy = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  % 

  Suggest one
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8. Dolomite, MgCO .CaCO

 (a)

A
B

results.
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  Suggest and explain two  
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 T         where k is constant.

K. [2]

Volume of carbon dioxide = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 Mass of magnesium carbonate = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g 

 (b) 
.

Volume of carbon dioxide = . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) H5 H , with 

C H    +   N2O              C H5OH   +   N2           ∆H  =   – –1

axes shown below.
catalysed and uncatalysed. [2]

© WJEC CBAC Ltd.

Energy

Mr Mr 

 

Moles of benzene = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mol

 C H    +   N2O              C H5OH   +   N2

Mass of phenol = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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 (c) 

below.

2KOH   +   CO2              K2CO    +   H2O

  2.0 m

 

 Volume of carbon dioxide = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dm

[1 dm   =  0.001 m ]

 Percentage of carbon dioxide = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  % 
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SECTION B

Answer all questions in the spaces provided.

7. 

 (a)
present.

2BexSi O .  

x

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

 (b) 

–1

2 2 –

2 2 –
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 (b) 
–.

–.

 

 

 

 (c) 

 

 

 

 

 (d) Xenon trioxide, XeO

 2XeO 2

   

 Volume = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dm
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9. 

 (a) 

A and B

 QWC

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

B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) 

Isotope

Se

79Se

Se

 
3 significant figures

 Relative atomic mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (c) β

Se is shown by the equation below.

 Se             a 0 β

  a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

 Mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

–1
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 (d) 

A
B, C and D below.

Route Conditions Atom 

A ethanol C2 2 2O

B methanol,
a

C butane 2C 10 2 2O

D C 12O

D

 

B
Green Chemistry  

Green Chemistry two reasons why route B is 
C

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

 

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

 

B

 

 

 Section B Total [70]
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5. Silver	tarnishes	because	it	reacts	with	hydrogen	sulfide	in	the	air	to	form	silver	sulfide.

	 A	1.24	g	sample	of	silver	sulfide	contains	0.16	g	of	sulfur.	Calculate	the	empirical	formula	of	this	
compound.	Show your working.	 [2]

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

 Section A Total [10]

© WJEC CBAC Ltd.
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SECTION B

Answer all questions in the spaces provided.

6. (a) The	mass	spectrum	of	chlorine,	Cl2, is shown below.

© WJEC CBAC Ltd.

20
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Mass	/	charge
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height

	 (i)	 Identify	the	positive	ions	that	are	responsible	for	the	peaks	B and C.	 [2]

  Peak B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Peak C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Use	the	mass	spectrum	to	calculate	the	ratio	of	peak	height	C :	peak	height	E.	 [2]

 Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (iii)	 Explain	why	the	peak	heights	of	C and E	are	in	this	ratio.	 [2]

 

 

 

 

 

A
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C

D

E
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 (b) Another element in Group 7 is bromine, Br.

	 	 Its	mass	spectrum	shows	that	bromine	has	two	naturally-occurring	isotopes.
	 	 The	abundance	of	each	isotope	is	given	below.

© WJEC CBAC Ltd.

Isotope Percentage
abundance	/	%

79Br 50.69

81Br 49.31

  Calculate	 the	 relative	 atomic	mass	 of	 bromine,	 giving	 your	 answer	 to	 four	 significant	
figures.	 [2]

 Relative atomic mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 Total [8]
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	 (ii)	 One	possible	disadvantage	of	using	magnesium	hydride	arises	 from	 its	 reaction	
with water.

	 MgH2(s)	 +	 2H2O(I)	 Mg(OH)2(s)	 +	 2H2(g)

	 	 Suggest	why	magnesium	hydride’s	reaction	with	water	could	be	a	problem.	 [1]

 

 

	 (iii)	 The	 fuel	 tank	 of	 one	 type	 of	 hydrogen-powered	 car	 holds	 70	kg	 of	 magnesium	
hydride.

	 	 Calculate	the	volume	of	hydrogen	gas,	measured	at	room	temperature	and	pressure,	
which	would	be	produced	if	this	amount	of	magnesium	hydride	reacted	with	water.

	 [3]
	 	 [1	mol	of	gas	molecules	occupies	24	dm3	at	room	temperature	and	pressure]

 Volume of hydrogen gas = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dm3

 (d) Methanol	can	be	produced	industrially	by	passing	carbon	monoxide	and	hydrogen	over	a	
catalyst	at	high	temperatures	and	pressures.

	 CO(g)	 +	 2H2(g)	 s CH3OH(g)	 ∆H	=	−91	kJ	mol−1

	 (i)	 State	how	the	equilibrium	yield	of	methanol	is	affected	by	an	increase	in	temperature	
and	in	pressure.	 [1]

 

 

	 (ii)	 Explain	your	answer	to	part	(i).	 [2]

 

 

 

 

© WJEC CBAC Ltd.
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10. (a) Sodium	carbonate	can	be	manufactured	in	a	two-stage	process	as	shown	by	the	following	

equations.

	 NaCl	 +	 NH3	 +	 CO2	 +	 H2O NaHCO3	 +	 NH4Cl

2NaHCO3 Na2CO3	 +	 H2O	 +	 CO2

  Calculate	the	maximum	mass	of	sodium	carbonate	which	could	be	obtained	from	900	g	
of	sodium	chloride.	 [3]

 Maximum mass of sodium carbonate = . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	g

 (b) Sodium	carbonate	can	form	a	hydrate,	Na2CO3.xH2O.

	 	 When	4.64	g	of	this	hydrate	was	heated,	2.12	g	of	anhydrous	Na2CO3 remained.

	 (i)	 State	the	mass	of	water	in	4.64	g	of	the	hydrate.	 [1]

 

	 (ii)	 Calculate	the	number	of	moles	of	sodium	carbonate	and	the	number	of	moles	of	
water	in	4.64	g	of	the	original	hydrate.	Use	these	values	to	calculate	the	value	of	x 
in Na2CO3.xH2O.	 [2]

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

QUESTION 10 CONTINUES ON PAGE 16

© WJEC CBAC Ltd.
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 (c) Hannah	is	given	an	impure	sample	of	anhydrous	sodium	carbonate	and	she	carries	out	
an	experiment	to	determine	the	percentage	of	sodium	carbonate	in	the	sample.

	 	 She	finds	that	she	needs	18.0	cm3	of	hydrochloric	acid	of	concentration	0.50	mol	dm−3 
to	react	completely	with	0.55	g	of	 the	 impure	sample.	The	impurity	does	not	react	with	
hydrochloric	acid.	The	equation	for	the	reaction	is	given	below.

 Na2CO3	 +	 2HCl	 2NaCl	 +	 H2O	 +	 CO2

	 (i)	 Calculate	the	number	of	moles	of	HCl	used	in	the	titration.	 [1]

 Number of moles of HCl = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol

	 (ii)	 Deduce	the	number	of	moles	of	Na2CO3	that	reacted	with	the	HCl.	 [1]

 

	 (iii)	 Calculate	the	mass	of	Na2CO3	in	the	sample.	 [1]

 Mass of Na2CO3	in sample = . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	g

	 (iv)	 Calculate	the	percentage	by	mass	of	Na2CO3	in	the	sample.	 [1]

 Percentage by mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	%

	 Total	[10]

Section B Total [70]

END OF PAPER

16

(1091-01)

Examiner
only

© WJEC CBAC Ltd.

Jan 2014



2

(1091-01)

Examiner
only

SECTION A

Answer all questions in the spaces provided.

1.	 Complete	the	electronic	structure	for	the	sulfide	ion	present	in	Na2S. [1]

 1s2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.	 Which	isotope	is	the	standard	used	in	defining	relative	atomic	masses?	 [1]

 

3. State one	example	of	an	industrially	or	environmentally	important	heterogeneous	catalyst.	You	
should	identify	the	reaction	catalysed	and	name	the	catalyst.	 [1]

 

 

4.	 Hydrated	sodium	carbonate	has	the	formula	Na2CO3.10H2O.

 (a)	 Calculate	the	relative	molecular	mass	(Mr ) of Na2CO3.10H2O. [1]

 Mr = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b)	 Calculate	 the	 mass	 of	 Na2CO3.10H2O	 needed	 to	 make	 250	cm3	 of	 a	 0.10	 mol	 dm−3 
solution. [1]

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

© WJEC CBAC Ltd.
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9. The	diagram	shows	the	principal	parts	in	one	type	of	mass	spectrometer.

© WJEC CBAC Ltd.

charged	plates	to	
accelerate	ions

electromagnet

slit

detector

electron	gun	to	
cause	ionisation

vaporised
sample

 (a)	 (i)	 The	 line	 labelled	X	 shows	 the	 path	 of	 ion	X	 passing	 through	 the	 slit	 and	 being	
detected.

   Ion Y has	a	higher	mass	to	charge	ratio	than	ion	X.	Draw	a	line	on	the	diagram	to	
show	the	path	of	ion	Y. [1]

	 (ii)	 Without	altering	the	shape	of	the	mass	spectrometer,	what	change	could	be	made	
to allow ion Y,	with	its	higher	mass	to	charge	ratio,	to	pass	through	the	slit	and	be	
detected?	 [1]

 

 

X
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 (b) The	diagram	shows	an	incomplete	mass	spectrum	for	a	sample	of	chlorine,	Cl2.

© WJEC CBAC Ltd.

40 60 8050 70

Intensity

m/z

	 (i)	 What	ion	is	responsible	for	the	peak	at	m/z	=	74?		. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2]

	 (ii)	 Draw	on	the	spectrum	another	peak	that	you	would	expect	to	see.	You	should	show	
the	mass	to	charge	ratio	at	which	you	would	see	the	peak	and	 the	height	of	the	
peak.	 [2]

 (c) A	compound	Z	contains	only	carbon,	hydrogen	and	chlorine.	It	is	analysed	and	found	to	
contain	10.04	%	carbon	and	89.12	%	chlorine	by	mass.

	 (i)	 Find	the	empirical	formula	of	compound	Z.	 [3]

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

	 (ii)	 What	other	information	would	you	need	to	decide	whether	this	empirical	formula	is	
also	the	molecular	formula	of	Z?	 [1]

 

	 (iii)	 What	feature	of	a	mass	spectrum	gives	the	information	needed	in	part	(ii)?	 [1]

 

 

 

 Total [11]
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 (c) Hydrazine, N2H4,	 is	 an	 unstable	 liquid	 that	 decomposes	 according	 to	 the	 following	
equation.

 N2H4(I)	 N2(g)	 +	 2H2(g)

	 (i) Calculate	the	volume	of	gas	that	could	be	obtained	from	14	kg	of	hydrazine.
	 	 Assume	that	the	volume	of	1	mol	of	gas	is	24.0	dm3.	 [3]

 Volume of gas = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dm3

	 (ii) One	use	of	hydrazine	is	as	a	fuel	in	rockets.	Apart	from	any	energy	changes,	state	
one	feature	of	this	reaction	that	suggests	it	would	be	useful	in	rocket	propulsion.

 [1]

 

 

 (d) Nitrogen	(IV)	oxide	reacts	with	water.

 H2O	 +	 2NO2 HNO2	 +	 HNO3

	 	 Both	nitric(III)	acid,	HNO2,	and	nitric(V)	acid,	HNO3,	are	described	as	being	acids.

	 (i)	 Define	an	acid. [1]

 

	 (ii)	 Complete	the	equation	to	show	nitric(III)	acid	behaving	as	an	acid.	 [1]

 HNO2	 +	 H2O

	 (iii)	 When	 concentrated	 nitric(V)	 acid	 is	 mixed	 with	 concentrated	 sulfuric	 acid	 the	
reaction	shown	below	occurs.

 HNO3	 +	 H2SO4 H2NO3
+	 +	 HSO4

−

	 	 Explain	this	reaction	in	terms	of	acid-base	behaviour.	 [2]

 

 

	 Total	[14]

© WJEC CBAC Ltd.
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 (d) Other	than	by	using	an	indicator,	how	would	the	student	know	that	hydrochloric	acid	was	
in	excess?	 [1]

 

 

 (e)	 (i)	 Use	the	graph	to	calculate	how	many	moles	of	magnesium	carbonate	reacted	with	
the	hydrochloric	acid.	 [2]

 Number of moles MgCO3 = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol

	 (ii)	 Find	the	mass	of	magnesium	carbonate	that	reacted	and	hence	the	percentage	of	
magnesium	carbonate	present	in	hydromagnesite.	 [2]

 Percentage of magnesium carbonate = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

© WJEC CBAC Ltd.

June 2014



(1091-01)

18
Examiner

only
 (f)	 A	student	wanted	to	carry	out	this	experiment	on	another	sample	of	hydromagnesite.	He	

did	not	have	a	gas	syringe	and	therefore	he	decided	to	collect	the	carbon	dioxide	over	
water	in	a	measuring	cylinder.

© WJEC CBAC Ltd.

 Explain	what	effect	this	would	have	on	the	results	of	the	experiment.	You	should	assume	that	
the	gas	syringe	and	the	measuring	cylinder	can	both	be	read	to	the	same	precision.	 [2]

 

 

 

 

 (g) When	magnesium	carbonate	 is	heated	 it	decomposes	 to	make	magnesium	oxide	and	
carbon	dioxide.

	 MgCO3(s)	 MgO(s)	 +	 CO2(g)

  Magnesium	oxide	has	a	very	high	melting	temperature	and	so	can	be	used	to	line	furnaces.

	 	 What	 is	 the	 atom	 economy	 for	 the	 production	 of	 magnesium	 oxide	 from	magnesium	
carbonate?	 [2]

 Atom economy = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

	 Total	[14]

 Section B Total [70]

END OF PAPER
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