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Section A

For each of the following questions, only one of the lettered responses (A–D) is correct.

Select the correct response for each question and write the appropriate letter in 
the space provided.

1	 Which one of the following shows the total number of bonding pairs of electrons and 
lone pairs of electrons in the outer shells of the atoms of BeCl2?

Number of bonding 
pairs of electrons

Number of lone pairs of 
electrons

A 2 0

B 2 2

C 2 6

D 4 6

Answer                       [1]

2	 Which one of the following is a reagent used in the test for the ammonium ion?

	 A	 chlorine water

	 B	 hydrochloric acid

	 C	 sodium hydroxide solution

	 D	 starch solution

Answer                       [1]

C

C
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3	 Which one of the following has the highest boiling point?

	 A	 CH4

	 B	 HCI

	 C	 H2O

	 D	 NH3

Answer                       [1]

4	 The diagrams below show the initial and final burette readings for a titration.

1

2

3

17

18

19

	 Which one of the following is the titre value for this titration?

	 A	 15.6 cm3

	 B	 16.4 cm3

	 C	 17.8 cm3

	 D	 19.2 cm3

Answer                       [1]

C

B
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5	 Which one of the following is the number of uranium atoms in a sample of 
	 417 mg of U2O5?

	 A	 2.28 × 1020

	 B	 4.52 × 1020

	 C	 9.03 × 1020

	 D	 2.26 × 1021

Answer                       [1]

6	 10.0 g of potassium cyanide are allowed to react with 10.0 g of magnesium. 
The equation for the reaction is given below.

2KCN  +  3Mg  →  K2C2  +  Mg3N2

	 Which one of the following is the mass of magnesium remaining when the reaction  
is complete?

	 A	 3.7 g

	 B	 4.5 g

	 C	 7.4 g

	 D	 8.2 g

Answer                       [1]

C

B
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7	 The mass spectrum of a sample of an element is shown below.
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	 Which one of the following is the relative atomic mass of the element to  
1 decimal place?

	 A	 63.4

	 B	 63.6

	 C	 63.8
	
	 D	 64.0

Answer                       [1]B
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8	 Which one of the following is the total number of subatomic particles in an atom  
of 37Cl?

	 A	 17

	 B	 20

	 C	 37

	 D	 54

Answer                       [1]

9	 150 cm3 of sodium hydroxide solution (an excess) were added to 250 cm3 of a 
solution of iron(III) sulfate. 0.428 g of solid iron(III) hydroxide are formed. The 
equation for the reaction is:

Fe2(SO4)3(aq)  +  6NaOH(aq)  →   2Fe(OH)3(s)  +  3Na2SO4(aq)

	 Which one of the following is the concentration, in mol dm-3, of sulfate ions in the 
final solution?

	 A	 0.005

	 B	 0.010

	 C	 0.015

	 D	 0.024

Answer                       [1]

D

C
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10	 In which one of the following molecules do all atoms in the molecule follow the  
octet rule?

	 A	 BF3

	 B	 NCl3

	 C	 PCl5

	 D	 SO2

Answer                       [1]B
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Section B

Answer all six questions in this section.

11	 The table below shows some details of five chemical tests used to identify the ions 
present in a solution or in a solid sample. The tests are labelled A to E.

	

Test Practical procedure Observations Ion present

A
Add 1 cm3 of silver 
nitrate solution to a 

solution
white precipitate

B
Add 1 cm3 of dilute 
hydrochloric acid to 

a solid sample
carbonate

C sulfate

D
Add a few drops of 

concentrated sulfuric 
acid to a solid 

sample

misty fumes
red-brown vapour

E
Carry out a flame 

test on a solid 
sample

copper(II)

	 (a)	 Complete the table.� [6]

	 (b)	 What would be observed if excess dilute ammonia solution was added to the 
solution containing the white precipitate in Test A?

[1]

The white precipitate dissolves, forming a colourless solution.

chloride

bubbles / fizzing

Add barium chloride
solution to a
solution of it

white precipitate

bromide

blue-green flame
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	 (c)	 Write an ionic equation for the reaction of the carbonate ion in Test B.

[1]

	 (d)	 Name the red-brown vapour in Test D.

[1]

	 (e)	 How would the observations in Test D differ if concentrated phosphoric acid was 
used in place of concentrated sulfuric acid? Explain your answer.

[2]

CO3
2− + 2H+ → CO2 + H2O

bromine

No red-brown vapour would be seen, only misty fumes of HBr.

Phosphoric acid is too weak an oxidising agent to oxidise HBr to

bromine.
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12	 Gallium (atomic number 31) forms many compounds including gallane, GaH3, and 
gallium(III) nitrate which is used to treat some bone disorders.

	 (a)	 Gallane is a colourless gas at room temperature. The shape of a gallane 
molecule is trigonal planar. Gallane is non-polar.

		  (i)	 Draw a dot and cross diagram to show the bonding in a molecule of gallane. 

� [1]

	 	 (ii)	 Suggest the bond angle in a molecule of gallane.

[1]

	 (b)	 The electronegativity of gallium is 1.6 and the electronegativity of hydrogen is 2.1.

		  (i)	 Show the polarity of the Ga—H bond using partial charges.

Ga—H
� [1]

	 	 (ii)	 Explain why gallane is non-polar.

[1]

120°

The three Ga–H bonds are equally polar and are arranged

symmetrically (trigonal planar), so the dipoles cancel.

Ga

H

H H

= H electron
= Ga electron

δ+ δ−
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	 (c) 	Gallane, GaH3, forms when lithium tetrahydridogallate(III), LiGaH4, reacts with 
gallium(III) chloride. The only other product is lithium chloride. Lithium 
tetrahydridogallate(III) contains the tetrahydridogallate(III) ion, GaH4

-.

		  (i)	 Write an equation for the reaction of lithium tetrahydridogallate(III) with 
gallium(III) chloride.

[2]

		  (ii)	 Suggest the shape of the tetrahydridogallate(III) ion, GaH4
-.

[1]

		  (iii)	A hydride ion bonds with gallane to form the tetrahydridogallate(III) ion. 
Explain how a hydride ion bonds with gallane and name the type of 
bond formed.

[2]

	 (d)	 Gallane reacts with strong acids to form gallium(III) salts and hydrogen gas.

		  (i)	 Write an equation for the reaction of gallane with sulfuric acid.

[2]

		  (ii)	 Describe how you would test for hydrogen gas.

[1]

3LiGaH4 + GaCl3 → 3LiCl + 4GaH3

tetrahedral

The hydride ion, H−, donates (shares) a lone pair of electrons

with the gallium atom in gallane, which has an empty orbital.

This forms a co-ordinate (dative covalent) bond.

2GaH3 + 3H2SO4 → Ga2(SO4)3 + 6H2

A burning splint gives a squeaky pop.
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	 (e)	 One hydrated form of gallium(III) nitrate, Ga(NO3)3.8H2O, is heated to constant 
mass. During this process, it loses its water of crystallisation and the gallium(III) 
nitrate also decomposes to form gallium(III) oxide, Ga2O3, nitrogen dioxide gas 
and oxygen gas. The equations for the reactions are:

Ga(NO3)3.8H2O(s)	 →   Ga(NO3)3(s)  +  8H2O(g)

2Ga(NO3)3(s)	 →   Ga2O3(s)  +  6NO2(g)  +  11
2O2(g)

		  (i)	 Define the term water of crystallisation.

[1]

		  (ii)	 Calculate the total loss in mass when a sample of 3.15 g of hydrated 
gallium(III) nitrate is heated to constant mass. Give your answer to  
3 significant figures.

Answer                       g  [4]

		  (iii)	Suggest one reason why the actual loss in mass obtained practically may 
not be the same as the value calculated in (e)(ii).

[1]

Water which is chemically bonded within the crystal structure of

a compound.

The decomposition may not be complete, or some solid may be

lost from the container.

moles Ga(NO3)3.8H2O = 3.15 ÷ 400 = 7.875 × 10−3

moles Ga2O3 = 7.875 × 10−3 ÷ 2 = 3.9375 × 10−3

mass Ga2O3 = 3.9375 × 10−3 × 188 = 0.740 g

loss in mass = 3.15 − 0.740 = 2.41 g

2.41
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13	 (a)	 The graph below shows the third ionisation energies of elements with atomic 
numbers 3–14.
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		  (i)	 Define the term third ionisation energy.

[2]

		  (ii)	 Explain why there are no values for the elements with atomic numbers  
1 and 2.

[1]

The energy required to convert one mole of gaseous ions with a

2+ charge into one mole of gaseous ions with a 3+ charge.

Hydrogen has only one electron and helium only two, so there is

no third electron to remove.
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		  (iii)	Write an equation which represents the third ionisation energy of fluorine.

[1]

		  (iv)	Explain, giving three reasons, why the value of the third ionisation energy of 
the element with atomic number 12 is significantly greater than the value of 
the third ionisation energy of the element with atomic number 13.

[3]

		  (v)	 State one factor which would explain the general increase in the value of the 
third ionisation energy from the element with atomic number 5 to the 
element with atomic number 12.

[1]

F2+(g) → F3+(g) + e−

For element 12 (Mg) the third electron is removed from the

second energy level, which is closer to the nucleus than the third

energy level used by element 13 (Al).

The electron is removed from a filled 2p subshell, which is stable.

This electron experiences less shielding, so it is more strongly

attracted to the nucleus.

The nuclear charge increases (decreasing ionic radius), so the

electron is held more strongly.
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	 (b)	 Elements with atomic numbers 23, 24 and 25 are vanadium, chromium and 
manganese. All three elements form a 2+ ion.

		  (i)	 Complete the table below to give the electronic configuration of the atoms of 
these elements and their 2+ ion.

Element Electronic configuration  
of atom

Electronic configuration of 
2++ ion

V 1s2  2s2  2p6  3s2  3p6  3d3

Cr

Mn 1s2  2s2  2p6  3s2  3p6  3d5  4s2

� [3]

		  (ii)	 Based on the electronic configurations, state and explain which 2+ ion would 
be most stable.

[2]

		  (iii)	Deduce the oxidation state of Cr, V and Mn in the compounds and  
ions below.

			   K2Cr2O7                      

			   NH4VO3                      

			   MnO4
2-                        

� [2]

The manganese(II) ion, Mn2+, would be the most stable.

It has a half-filled 3d subshell (3d5), which is especially stable.

1s2 2s2 2p6 3s2 3p6 3d3 4s2

1s2 2s2 2p6 3s2 3p6 3d5 4s1 1s2 2s2 2p6 3s2 3p6 3d4

1s2 2s2 2p6 3s2 3p6 3d5

+6

+5

+6
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	 (c)	 Manganate(VII) ions may be used to oxidise sulfate(IV) ions, SO2
3

-, to sulfate(VI) 
ions. The half-equation for the reduction of manganate(VII) ions, MnO4

- , to 
manganese(II) ions, Mn2+ is:

MnO4
-  +  8H+  +  5e-  →  Mn2+  +  4H2O

	 	 (i)	 Write a half-equation for the oxidation of sulfate(IV) ions to sulfate(VI) ions.

[2]

		  (ii)	 Write a redox equation for the overall reaction between manganate(VII) ions 
and sulfate(IV) ions.

[2]

SO3
2− + H2O → SO4

2− + 2H+ + 2e−

2MnO4
− + 5SO3

2− + 6H+ → 2Mn2+ + 5SO4
2− + 3H2O

× 2:  2MnO4
− + 16H+ + 10e− → 2Mn2+ + 8H2O

× 5:  5SO3
2− + 5H2O → 5SO4

2− + 10H+ + 10e−
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14	 Substances can be classified based on their bonding and structure. In general, 
substances within the same classification have similar physical properties.

	 (a)	 Write the formula of one example of each of the following:

		  A molecular covalent element with a relative formula mass greater than 200.

		  A non-polar covalent compound containing oxygen

		  A polar covalent compound which dissolves in water forming an alkaline solution.

[3]

I2

CO2

NH3
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	 (b)	 Graphite and diamond are classified as giant covalent. There are similarities in 
the physical properties of graphite and diamond but also some differences, for 
example graphite conducts electricity and diamond does not.

	 	 (i)	 Describe how the bonding in graphite and in diamond results in the 
difference in their electrical conductivity.

[3]

		  (ii)	 State and explain, in terms of bonding and structure, one other difference in 
the physical properties of graphite and diamond.

[3]

		  (iii)	State and explain, in terms of bonding and structure, one similarity in the 
physical properties of graphite and diamond.

[2]

Graphite: each carbon forms only three covalent bonds, so one

outer electron per atom is delocalised; these electrons can move

and carry charge.

Diamond: each carbon uses all four outer electrons in covalent

bonds, so there are no delocalised electrons and it cannot conduct.

Diamond is very hard but graphite is soft.

Diamond has a rigid giant 3D tetrahedral structure with every

carbon covalently bonded to four others.

Graphite has layers held together only by weak van der Waals'

forces, so the layers slide over each other.

Both have very high melting points.

A lot of energy is needed to break the many strong covalent

bonds in the giant structure.
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15	 The halogens (Group VII) are a group of highly reactive non-metals. They form ions 
and compounds in which the halogen has a variety of oxidation states. The main 
oxidation states of the halogens are shown in the table below. All elements can exist 
in the -1 oxidation state as halide ions.

Element Oxidation states

Fluorine -1

Chlorine -1,  +1,  +3,  +5,  +7

Bromine -1,  +1,  +3,  +5,  +7

Iodine -1,  +1,  +3,  +5,  +7

	 (a)	 Suggest why fluorine does not exist in positive oxidation states.

[1]

	 (b)	 Chlorine reacts with sodium hydroxide solution in one of two ways depending on 
the conditions used. Both reactions are examples of disproportionation.

	 	 (i)	 Define disproportionation.

[1]

		  (ii)	 Write an equation for the reaction of chlorine with sodium hydroxide solution 
forming products with chlorine in -1 and +5 oxidation states.

[2]

Fluorine is the most electronegative element, so it always attracts

the bonding electrons more strongly than the atom it is bonded to.

A reaction in which the same element is both oxidised and

reduced in the same reaction.

3Cl2 + 6NaOH → 5NaCl + NaClO3 + 3H2O
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		  (iii)	State the conditions required for the reaction in (b)(ii).

[1]

	 (c)	 Write the formula of potassium chlorate(VII).

[1]

	 (d)	 Chlorine is a stronger oxidising agent than iodine.

		  (i)	 Define oxidising agent.

[1]

		  (ii)	 Write an equation for the redox reaction which occurs when chlorine reacts 
with a solution of potassium iodide.

[1]

		  (iii)	State the colour change observed in the solution during the reaction  
in (d)(ii).

[1]

Hot, concentrated sodium hydroxide solution.

KClO4

An electron acceptor (a species which gains electrons).

Cl2 + 2KI → 2KCl + I2

colourless to yellow-brown
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16	 Tartaric acid, C4H6O6, is a weak acid and is used to clean copper coins. It is found 
naturally in grapes. Tartaric acid reacts with sodium hydroxide according to the 
equation below.

C4H6O6  +  2NaOH  →  C4H4O6Na2  +  2H2O

	 A solution of tartaric acid was prepared by dissolving 3.18 g of solid tartaric acid in 
125 cm3 of deionised water. 25.0 cm3 samples of this solution were titrated against 
0.480 mol dm-3 sodium hydroxide solution.

	 (a)	 For this titration, state the name of a suitable indicator and the colour change 
observed at the end point and describe how you would obtain accurate results.

		  In this question you will be assessed on your written communication skills 
including the use of specialist scientific terms.

[6]

Rinse the burette with the sodium hydroxide solution and the pipette

with the tartaric acid solution before use.

Pipette 25.0 cm3 of the tartaric acid solution into a conical flask

and add a few drops of phenolphthalein indicator.

Add the sodium hydroxide from the burette while swirling the flask,

adding it dropwise near the end point.

Rinse down the inside of the conical flask with deionised water

during the titration.

At the end point the indicator changes from colourless to pink.

Read the burette at the bottom of the meniscus with the eye level

with it.

Repeat until concordant titres are obtained and calculate the mean

titre.
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	 (b)	 (i)	 Calculate the volume of sodium hydroxide solution, in cm3, which would be 
required to react with a 25.0 cm3 sample of the tartaric acid solution. Give 
your answer to an appropriate number of significant figures.

Answer                       cm3  [5]

		  (ii)	 Suggest why the volume of sodium hydroxide solution calculated in (b)(i) 
may be different to the mean titre value in the titration.

[1]

THIS IS THE END OF THE QUESTION PAPER

Not all of the solid may have dissolved, or the tartaric acid may

contain impurities.

moles of tartaric acid = 3.18 ÷ 150 = 0.0212 mol

moles in 25.0 cm3 = 0.0212 ÷ 5 = 0.00424 mol

moles of NaOH = 0.00424 × 2 = 0.00848 mol

volume of NaOH = (0.00848 × 1000) ÷ 0.480 = 17.67 cm3

= 17.7 cm3 (to 3 sig figs)

17.7
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General Information
1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1

Planck Constant = 6.63 × 10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3 × 108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorg lykla ,senaklA C–C 0011–057

 sdica cilyxobrac ,sretse ,slohoclA O–C 0031–0001
1450–1650 C ̿ senerA C
1600–1700 C ̿ seneklA C
1650–1800 C ̿    ,sedyhedla ,sretse ,sdica cilyxobraC O

sedirolhc lyca ,sedima ,senotek  
2200–2300 C   selirtiN N

sdica cilyxobraC H–O 0023–0052
sedyhedlA H–C  0582–0572

senera ,senekla ,spuorg lykla ,senaklA H–C 0003–0582
slohoclA H–O 0063–0023

sedima ,senimA H–N 0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

  Structure

0.5–2.0 –CH senakla detarutaS 
0.5–5.5 –OH slohoclA 
1.0–3.0 –NH senimA 
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C 6H5–CH  c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2( I = X  

4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

 on and temperature dependent and may be outside 
the ranges indicated above.
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30

11   

5

12   

6

14   

7

16  

8

19   

9

20   

10

4   

2

40  

18

35.5   

17

32   

16

31   

15

28   

14

27   

13
70   

31

75   

33

80   

35
115   

49

119   

50

122   

51

128   

52

127   

53

23    

11

24    

12

7    

3

9    

4

 

THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1   

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285  

112
Copernicium

* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass 

x = atomic symbol
b = atomic number

a

b
x (approx)

11331.03
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