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Answer all questions.

1.	 Limestone is a rock which consists mostly of calcium carbonate. The diagram shows a cycle  
of reactions involving limestone.

© WJEC CBAC Ltd.02

limestone
calcium carbonate

quicklime
calcium oxide

slaked lime
calcium hydroxide

	 (a)	 (i)	 When limestone is heated, calcium carbonate is converted to calcium oxide and 
carbon dioxide.

	 I.	 State the name for this type of reaction.	 [1]

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

	 II.	 Write a balanced symbol equation for the reaction.	 [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   +   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 State what must be added to calcium oxide to form calcium hydroxide.	 [1]

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

	 (b)	 Give one use of limestone in the construction industry.	 [1]
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2.	 Paper chromatography can be used to identify plant leaf pigments. This process uses a 
chemical called acetone as the solvent instead of water.

	 The diagram shows the chromatogram of plant leaf extracts A, B, C and D in acetone.
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	 (a)	 All of the extracts contain a mixture of pigments with different Rf values.

		  For which plant leaf extract, A, B, C or D, is the highest Rf value 0.60?

		  Give your reasoning.	 [3]

		  Extract  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Reasoning  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

	 (b)	 Explain why the pigments travel different distances on the chromatogram.	 [2]

	

	

	

	 (c)	 One of the extracts contains a pigment which is insoluble in acetone.

		  State the letter of this extract. Explain your choice.	 [2]

		  Extract  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

	

	 (d)	 The chemical formula of the solvent acetone is C3H6O. Calculate the percentage by 
mass of carbon in acetone. 

		  The relative formula mass (Mr ) of acetone is 58.	 [2]

Ar(C) = 12

Percentage = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

9
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3.	 (a)	 The Earth’s early atmosphere contained large amounts of water vapour and carbon 
dioxide. Explain why the amounts of water vapour and carbon dioxide decreased over 
geological time.	 [4]

		  Water vapour  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

	

		  Carbon dioxide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

	

	 (b)	 State the percentages of nitrogen and oxygen in the present atmosphere.	 [2]

		  Nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

		  Oxygen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

6
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4.	 (a)	 The table shows the solubility of potassium nitrate in water at different temperatures.

© WJEC CBAC Ltd.08

Temperature (°C) Solubility (g per 100 g of water)

0 13

20 32

40 64

60 110

80 169

100 246

	 (i)	 Choose a suitable scale for the y-axis and plot the data on the grid.

		  Draw a line of best fit.	 [4]
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	 (ii)	 Calculate the mass in grams of potassium nitrate that would be crystallised if 

250 cm3 of a saturated solution were cooled from 80 °C to 30 °C.	 [3]

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

	 (b)	 Ethanol can be separated from water by distillation using the apparatus shown.

© WJEC CBAC Ltd.09

		  Explain how ethanol and water are separated by distillation.	 [2]
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5.	 (a)	 The diagram shows an atom of element X.

© WJEC CBAC Ltd.10

		  Draw the electronic structure of the element directly below element X in the Periodic 
Table.	 [1]
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	 (b)	 The table below shows information about particles A-F.

		  The letters A-F are not the chemical symbols of the particles.

© WJEC CBAC Ltd.11

Particle Number of 
protons

Number of 
electrons

Number of 
neutrons

A 9 10 10

B 6 6 8

C 7 7 7

D 6 6 6

E 9 9 10

F 3 2 4

	 (i)	 Give the letters of two particles which are isotopes of the same element.
		  Explain your answer.	 [2]

		  Letters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

	 (ii)	 Give the letters of two particles which are ions. Explain your answer.	 [2]

		  Letters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

5



12

(3410UA0-1)

Examiner
only

6.	 (a)	 S and T are two metal halide compounds. The ions in each compound were identified 
by observations from a flame test and the addition of silver nitrate solution.

	 (i)	 Complete the table.	 [4]

© WJEC CBAC Ltd.12

Compound Flame test colour Symbol 
of ion

Observation on adding 
silver nitrate solution

Symbol 
of ion

S brick red
. . . . . . . . . . . . . . . . . . . . . . .

yellow precipitate
. . . . . . . . . . . . . . . . . . . . . . .

T
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ba2+ white precipitate
. . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Suggest why a silver nitrate test would not be able to distinguish clearly which 
halide ions are present in a mixture of compounds S and T.	 [1]

	

	

	 (b)	 Write an ionic equation for the formation of the precipitate in the reaction between 
sodium chloride solution and silver nitrate solution. 

		  Include state symbols.	 [3]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   +   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8
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7.	 A catalyst is a substance that causes significant changes to the rate of a chemical reaction.  
Catalysts interact with the reactants in a chemical reaction and eventually release the product 
allowing the catalyst to be recovered.

	 Enzymes are biological molecules which catalyse reactions in living organisms. Enzymes tend 
to have an optimum temperature of 37 °C.

	 Hydrogen peroxide is a colourless liquid with the chemical formula H2O2. It has many 
uses including as a bleach and an antiseptic. It is also found in all animals and plants. The 
decomposition of hydrogen peroxide happens very slowly on its own.

© WJEC CBAC Ltd.14

2H2O2(aq) 2H2O(l) O2(g)+

	 The reaction can be catalysed by several substances including iron(III) oxide, Fe2O3, 
manganese dioxide, MnO2, and the enzyme catalase.

	 Four catalysts were tested to determine which was the most efficient. An equal mass of each 
catalyst was added to equal volumes of hydrogen peroxide solution of equal concentration. 
The volume of oxygen produced in 1 minute was recorded. The experiment was repeated at 
different temperatures.

Temperature 
(°C)

Volume of oxygen produced in 1 minute (cm3)

Catalyst W Catalyst X Catalyst Y Catalyst Z

10 0.8 1.2 0.4 0.9

20 1.4 1.4 0.9 1.5

30 1.9 2.1 1.3 2.1

40 2.5 2.6 1.6 2.5

50 3.4 3.8 1.2 3.5

60 4.6 4.8 0.7 4.7

70 5.2 5.4 0.3 5.3



(3410UA0-1) Turn over.

15
Examiner

only
	 (a)	 Give the number of the statement which is not correct.	 [1]

	 1	 Catalyst W is more efficient than Y but less efficient than X and Z

	 2	 Catalyst X is the most efficient of the four

	 3	 Catalyst Y is less efficient than all of the others

	 4	 Catalyst Z is more efficient than Y but less efficient than W and X

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

	 (b)	 State which catalyst, W, X, Y or Z, could be catalase. Explain your answer.	 [3]

		  Catalyst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

	

	 (c)	 Three students made statements about the properties of catalysts.

	 •	 Katrina said that a catalyst does not get used up in the reaction but makes it 
happen faster.

	 •	 Jo said that the reactants are used up in less time because a catalyst makes a 
different product.

	 •	 Rhys said that adding a catalyst allows the reaction to happen with a lower 
activation energy, but the same products are made.

		  Which of the students’ statements are correct?	 [1]

	 A	 Jo only

	 B	 Rhys and Jo, but not Katrina

	 C	 Katrina and Rhys, but not Jo

	 D	 All three students

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

© WJEC CBAC Ltd.15
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8.	 Hard water can be softened using different methods, including boiling the water and passing 
it through an ion exchange column.

	 (a)	 Two hard water samples, A and B, were tested for hardness, using soap solution. 
Both samples were tested before and after boiling, and after passing through an ion 
exchange column.

© WJEC CBAC Ltd.16

A B

Volume of soap solution needed to produce a lather (cm3)

Water sample Before boiling After boiling After ion exchange

A 15 15 2

B 17 9 2

		  State the type (or types) of hard water that each sample contains. Give your reasoning.	
			   [4]

		  A  	

	

	

		  B  	
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	 (b)	 Sodium carbonate (washing soda) can also be used to soften hard water. It reacts with 
the magnesium compounds in the water.

		  Write a balanced symbol equation for the reaction between sodium carbonate and 
magnesium chloride, to form sodium chloride and magnesium carbonate.	 [3]
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9.	 (a)	 Give the observations made during the reactions of lithium, sodium and potassium with 
water. Explain the trend in reactivity in terms of electronic structure.	 [6 QER]
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	 (b)	 Potassium reacts with oxygen to produce potassium oxide.

© WJEC CBAC Ltd.19

4K 2K2OO2+

	 (i)	 Calculate the maximum mass of potassium oxide that could be produced when 
15.6 g of potassium reacts completely with oxygen.	 [3]

Ar(K) = 39               Ar(O) = 16

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

	 (ii)	 Another reaction requires 0.050 mol of oxygen gas. Calculate the number of 
molecules in 0.050 mol of oxygen gas. Give your answer in standard form.	 [2]

Avogadro’s number = 6.0 × 1023

Number of molecules = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11
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10.	 (a)	 Tables A, B, C and D show the results recorded by four different groups in a class 
investigating the reactivity of Group 7 elements (the halogens).

		  Each group added iodine, bromine and chlorine to solutions of sodium halides.

		  A tick (√) indicates when a reaction took place and a cross (×) indicates no reaction. 
		  Only one table shows the expected results for this experiment.

© WJEC CBAC Ltd.20

Table A sodium chloride sodium bromide sodium iodide

bromine √ √ ×

chlorine √ × √

iodine √ √ √

Table B sodium chloride sodium bromide sodium iodide

bromine √ √ √

chlorine × × √

iodine × √ √

Table C sodium chloride sodium bromide sodium iodide

bromine × × √

chlorine × √ √

iodine × × ×

Table D sodium chloride sodium bromide sodium iodide

bromine × √ ×

chlorine √ × √

iodine × √ √
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	 (i)	 Give the letter of the table which shows the expected results for this experiment.  

Explain why these are the expected results.	 [3]

		  Letter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	

	

	 (ii)	 Write a balanced symbol equation for the reaction between chlorine, Cl2, and 
sodium iodide solution.	 [3]

	

	 (b)	 A sample of iron bromide with a mass of 37.0 g contains 7.0 g of iron. Find the simplest 
formula of the iron bromide. 

		  You must show your working.	 [3]

Ar(Fe) = 56               Ar(Br) = 80

		  Simplest formula  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

© WJEC CBAC Ltd.21
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11.	 The graph shows the volume of gas produced in a reaction between 0.40 g of calcium 
carbonate powder and excess 1 mol / dm3 hydrochloric acid.

© WJEC CBAC Ltd.22
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	 (a)	 Use the tangent drawn to calculate the rate of the reaction at 20 s.	 [2]

			   Rate = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cm3 / s
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	 (b)	 (i)	 On the same grid, sketch the graph that would be seen if the reaction were 

repeated with 0.60 g of calcium carbonate powder and acid of the same 
concentration and still in excess.	 [2]

	 (ii)	 Explain the graph that you have sketched using your knowledge of particle theory.
� [2]

	

	

	

	

	

	

END OF PAPER
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FORMULAE FOR SOME COMMON IONS

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula

aluminium
ammonium
barium
calcium
copper(II)
hydrogen
iron(II)
iron(III)
lithium
magnesium
nickel
potassium
silver
sodium
zinc

Al3+

NH4
+

Ba2+

Ca2+

Cu2+

H+

Fe2+

Fe3+

Li+

Mg2+

Ni2+

K +

Ag+

Na+

Zn2+

bromide
carbonate
chloride
fluoride
hydroxide
iodide
nitrate
oxide
sulfate

Br –

CO3
2–

Cl–

F –

OH–

I –

NO3
–

O2–

SO4
2–
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