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Answer all questions.

1.	 (a)	 The table shows information about some Group 1 elements. The melting point of 
rubidium is missing.

Element
Melting point  

(°C)
Boiling point  

(°C)
Density
(g / cm3)

lithium 181 1 330 0.53

sodium 98 883 0.99

potassium 64 759 0.86

rubidium 688 1.53

caesium 29 671 1.93

	 (i)	 State which of the elements lithium, sodium or potassium, is a liquid over the 
greatest temperature range. 	 [1]

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

	 (ii)	 Estimate a value for the melting point of rubidium.	 [1]

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

	 (iii)	 Group 1 elements are stored in paraffin oil to prevent reactions with oxygen.

		  The density of paraffin oil is 0.80 g / cm3.

			  State which of the Group 1 elements would float on paraffin oil.	 [1]

		  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (b)	 When a small piece of sodium is added to water, it fizzes, melts and moves around on 
the surface of the water.  

		  Give another observation that you would expect to make when potassium is added to 
water. State the reason for the difference.	 [2]

		  Observation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Reason  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	 (c)	 Lithium reacts with oxygen to give lithium oxide.
		
		  Complete the equation for the reaction by

		  •  giving the formula for lithium oxide
		  •  putting numbers in the boxes to balance the equation� [2]

Li O2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .+
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2.	 The diagrams below show the electronic structures of four elements, A, B, C and D.

	 The letters are not the chemical symbols of the elements.

                  A                                  B                                   C                                      D

	 (a)	 Give the letters of two elements which are in the same period in the Periodic Table.	 [1]

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

	 (b)	 Give the atomic number and the name of element D.	 [2]

		  Atomic number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Name  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (c)	 Draw the electronic structure of the element directly above element C in the Periodic 
Table.	 [1]

4
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3.	 The diagram shows the separation of a mixture of liquids J and K.

	 • 	 The temperature on the thermometer stays at 56 °C even though the mixture is still 
being heated

	 • 	 Drops of liquid J fall steadily into the flask

	 (a)	 Use the information given above and in the diagram.

		  State the conclusions that you can draw about the boiling points of liquids J and K.	 [2]

	

	

	

mixture of liquids J and K

HEAT water out water in

liquid J 
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	 (b)	 K is a compound with the formula C4H8O. The relative formula mass (Mr ) of compound 
K is 72.

		  Calculate the percentage by mass of carbon in compound K.	 [2]

Ar(C) = 12

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

4
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4.	 (a)	 A class investigated the reaction between magnesium and nitric acid by measuring the 
volume of hydrogen gas produced over time.

		  The table shows their results.

Time (s) Volume of gas produced (cm3)

0 0

5 12.0

10 20.5

15 29.0

20 33.5

25 35.0

30 35.0

	 (i)	 The reaction between magnesium and nitric acid produces magnesium nitrate 
and hydrogen gas.

		  Complete and balance the symbol equation for this reaction.	 [2]

Mg HNO3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .+
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	 (ii)	 Plot the results on the grid and draw a suitable line.
		
		  The first point has been plotted for you.	 [3]
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	 (iii)	 Use particle theory to explain why the graph becomes less steep over time.	 [3]

	

	

	

	

	

	

	

	 (b)	 State why a catalyst is added to a reaction mixture and explain how a catalyst works.	[2]

	

	

	

10
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5.	 Human activity causes emissions of about 6 billion tonnes of carbon dioxide into the 
atmosphere each year. Carbon capture effectively traps the emissions from power plants or 
factory chimneys before they enter the atmosphere and contribute to global warming. There 
are different ideas regarding what to do with the gas once it has been captured.

	 Proposal 1

	 One idea is to pipe the trapped gas to the ocean floor more than 4 km below sea level where 
the temperature is around 2 °C and the pressure can be up to 750 times atmospheric pressure. 
The captured carbon dioxide would be stored in a solid-liquid state in huge plastic bags. Each 
of these bags would hold about two days’ worth of global emissions. Some scientists have 
predicted that we might find a way in the near future to use this ‘solid’ carbon dioxide as a fuel, 
possibly by combining it with hydrogen to produce methanoic acid for use in fuel cells.

	 Proposal 2

	 Another idea is to refine the carbon emissions to make a high-grade product which will then 
be used to make sodium hydrogencarbonate, also known as baking soda. Baking soda is in 
high demand in the pharmaceutical sector to help treat conditions from heartburn to kidney 
disease. It is found in ear and eye drops. It can also be used to produce components of 
detergents, sherbet powder and glass. Some manufacturers are even using it to remove acidic 
gases from factory emissions.
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	 (a)	 (i)	 Tick (√) the two correct statements which explain why carbon dioxide would be in 
a solid-liquid state when in plastic bags at the deep ocean floor.� [2]

		  the pressure is higher than at sea level and the temperature is lower

		  the pressure and temperature are both lower than at sea level

		  particles are closer together at a higher pressure

		  carbon dioxide is not a gas at any temperature or pressure

		  particles are closer together at a higher temperature

		  (ii)	 Suggest two reasons why proposal 2 might be viewed as a better solution than 
proposal 1.	 [2]

	

	

	

	

	

	

	 (b)	 Sodium hydrogencarbonate contains the HCO3
– ion.

		  Sodium hydrogencarbonate is the only product made when captured carbon dioxide 
reacts with sodium hydroxide. 

		  Write a balanced symbol equation for this reaction.	 [2]

	

6
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6.	 Hard water can be softened by boiling or by passing through an ion exchange column.

	 Describe how each method softens hard water and compare the advantages and 
disadvantages of each method.	 [6 QER]
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7.	 (a)	 The table shows some tests carried out to identify the ions contained in salts 
A, B and C and the observations made.

Salt Flame test Silver nitrate test Name of salt

A lilac flame yellow precipitate
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

no change calcium nitrate

C
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

barium bromide

		  Complete the table by giving the name of salt A and the observations expected for 
salts B and C.	 [3]

	 (b)	 Give the numbers of protons and electrons in a calcium ion, Ca2+, and a  
bromide ion, Br –.	 [2]

Ion Number of protons Number of electrons

Ca2+

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

Br –
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (c)	 Calcium nitrate solution reacts with sodium carbonate solution to form a precipitate of 
calcium carbonate.

Ca(NO3)2(aq) Na2CO3(aq)+ 2NaNO3(aq)+CaCO3(s)

		  Write an ionic equation for the formation of the calcium carbonate precipitate.	 [2]

	

	 (d)	 The solubility of barium bromide at different temperatures is shown in the table.

Temperature (°C) Solubility (g / 100 cm3 of water)

0 91

20 98

40 106

60 116

80 128

100 132

		  Calculate the mass of barium bromide that would crystallise when 500 cm3 of a 
saturated solution is cooled from 80 °C to 40 °C.	 [2]

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

9
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8.	 (a)	 Chlorine, bromine and iodine are Group 7 elements.

	 (i)	 Describe and explain the trend in reactivity within the group.	 [2]

	

	

	

	

	

	

	 (ii)	 X, Y and Z are known to be chlorine, bromine and iodine but not necessarily in 
that order.

		  A student identifies X, Y and Z by mixing them with solutions of halide salts. 

		  The table shows the observations made.

Element Sodium bromide Sodium iodide Sodium chloride

X solution turns orange solution turns brown no change

Y no change no change no change

Z no change solution turns brown no change

		  Use the observations to identify elements X, Y and Z.

			  Explain your reasoning.	 [2]
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	 (b)	 Iron reacts with chlorine gas to form iron(III) chloride according to the equation shown.

		  Calculate the mass of iron(III) chloride that could be produced using 22.4 g of iron.	 [2]

Ar(Fe) = 56                Ar(Cl) = 35.5

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

	 (c)	 White phosphorus has the formula P4. It reacts with chlorine to form phosphorus 
trichloride, PCl3.

		  Put a number in each box to balance the equation for this reaction.	 [1]

2Fe 3Cl2 2FeCl3+

7

Cl2P4 PCl3+
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9.	 (a)	 The graph shows the annual emissions of sulfur dioxide in the UK between 1970 and 
2017.
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	 (i)	 From 1970 to 2017, the level of sulfur dioxide emissions decreased by 97%.

			  Suggest two reasons why sulfur dioxide levels decreased over this period.	 [2]

	

	

	

	

	

	

	 (ii)	 Explain the likely benefit of such a decrease on natural habitats.	 [2]
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7

	 (b)	 A sample of an oxide of nitrogen contains 1.4 g of nitrogen and 4.0 g of oxygen.

		  Find the simplest formula of this oxide. You must show your working.	 [3]

Ar(N) = 14               Ar(O) = 16

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

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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