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Study questions p. 5 
1 a) The mass does not change. 
 b) Dissolve 10 g of a substance, such as salt, in 100 g of water. Weigh the final mass of 
the solution. It will be 110 g. 
 c) Individual answers 
2 a) Water molecules gain sufficient movement/kinetic energy to separate/overcome the 
forces of attraction between the molecules in the liquid and they become a gas. 
 b) Water molecules from inside the pot move through the porous clay pot to the 
outside. 
 c) The water molecules gain energy from the sun and evaporate to become a gas. 
 d) Air particles diffuse through the rubber of the balloon, reducing the air pressure 
inside the balloon making the balloon shrink.  
3 a) The substance that dissolves. 
 b) The liquid the solute dissolves in. 
 c) The mixture of dissolved solute and solvent. 
 d) When a solution can no longer dissolve any more solute. 
 e) The amount of solute needed to make a saturated solution. 
 f) The equation describes a straight-line relationship between two variables x and y. 
4 a) g per 100g of solvent (water) 
 b) Potassium chloride 
 c) Sodium nitrate, copper sulfate or ammonium chloride 
 d) 148 g 
5 a) If a drop has a diameter of 1 mm, then 1 cm3 will hold 10 × 10 × 10 drops, or 1000 
drops. 
 b) 1000 drops per cm3 gives 1 000 000 000 000 drops in total. With one particle per 
drop then there are 1 000 000 000 000 particles in 1 g. 
 c) If 1 g has a volume of 1 cm3 and 1 000 000 000 000 particles, then the volume of a 
particle will be 1/1 000 000 000 000 = 1 × 10−12 cm3. 

Study questions p. 8 
1 Diffusion: movement of particles from a high concentration to a lower concentration. 
 Kinetic theory: how substances can exist in three states of matter (solid, liquid and gas), and 
how the substance can change between each state. 
 States of matter: there are three: solid, liquid and gas. 
 Melting point: the temperature at which a solid changes into a liquid. 
 Boiling point: the temperature at which a liquid changes into a gas. 
2 i) The particles move or vibrate less. 
 ii) The particles are attracted to each other and become unable to move around. They 
still vibrate. 
3 i) Moving gas particles produce a force on the walls when the particles hit. 
 ii) The heat of sizzling onions makes the onion smell particles move faster, so they can 
travel further through the air than cold onion smell particles.  
 iii) In a liquid the particles are free to move past each other so they take the shape of the 
container, but still have the same volume. 
 iv)  There are only weak attractions between the air freshener particles so the particles in 
the air freshener easily evaporate from the block/are volatile.  
 v) The cheese-smell particles can diffuse through the cling film. 

Study questions p. 11 
1 John Dalton (1766−1844), born in Eaglesfield, Cumbria, UK, was a lifelong Quaker. He 
formulated the early atomic theory of elements and compounds whilst working as a teacher/lecturer 
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in Manchester. He is also famous for describing red/green colour blindness, sometimes called 
‘Daltonism’, from which he suffered.  
2 i) 1 carbon, 4 hydrogen 
 ii) 2 hydrogen, 1 sulfur, 4 oxygen 
 iii) 12 carbon, 22 hydrogen, 11 oxygen. 
 iv) 1 carbon, 1 hydrogen, 3 chlorine  
3 Nitrogen has a diatomic molecule with two atoms of nitrogen. 
4 a) Azote is nitrogen, Platina is platinum. 
 b) Any two of: magnesia is magnesium oxide; lime is calcium oxide; soda is sodium 
carbonate; potash is potassium carbonate/oxide; strontian is strontium carbonate; barites is barium 
carbonate. 
 c) Hydrogen as it looks like the structure of an atom. 

Study questions p. 17 
1 Storage/reservoirs, filtration, chlorination 
2 Dissolve the mixture in water, then filter to obtain the sand in the filter paper. Wash the sand 
with clean water, then dry it in an oven. Evaporate the solution/filtrate to get the sugar back. 
3 a) Student’s individual diagram. 
 b) Pour some muddy water through it, and see if the water comes through clear. 
4 Evaporate the salt solution to one-third its original volume. Allow to cool, then filter to 
obtain the crystals. Dry in either a cool oven, leave to dry on filter paper on the bench, or pat dry 
with filter paper. 
5 Put the coffee that contains the solute in the filter paper. Pour the boiling water, which is the 
solvent, on to the coffee. Allow the water to drip through the ground coffee leaving the insoluble 
grounds in the filter, dissolving the soluble coffee. The filtrate is the drinkable solution of coffee. 
6 a) Ethanol 
 b) Ethanol 
 c) Larger percentage 
 d) There is more alcohol by volume in whisky than beer. 
7 a) 4 
 b) A and E, because they contain the same pigments 
 c) Rf = distance spot moved

distance solvent front moved
 = 6

8
 = 0.75 

Study questions p. 20 
1 

Particle Charge Relative mass Position in atom 
proton +1 1 nucleus 
neutron 0 1 nucleus 
electron −1 0 or 1

1840
 in shell/electron cloud 

2 a) p = 1, n = 0, e = 1 
 b) p = 7, n = 7, e = 7 
 c) p = 3, n = 4, e = 3 
 d) p = 18, n = 22, e = 18 
3 a) p = 8, e = 8 
 b) p = 16, e = 16 
 c) p = 10, e = 10 
4 Student’s individual timeline. 

Study questions p. 22 
1 i) The number of protons in an atom. 
 ii) The number of protons and neutrons in an atom/the mass of an atom. 
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 iii) An atom with the same number of protons, but different number of neutrons, to 
another atom of the same element. 
2 a) 9 
 b) p = 9, n = 10, e = 9 
3 a) 16 is the mass number, 8 is the atomic number (number of protons and number of 
electrons), O is the symbol. 
 b) p = 11, n = 12, e = 11 
4 The relative atomic mass is the mean or average of all the isotopes of an element, according 
to their proportions.  

Study questions p. 25 
1 

Isotope mass number Number of protons Number of neutrons Number of electrons 
1 1 0 1 
2 1 1 1 
3 1 2 1 

 
2 a) It will be lower, as the atom is lighter. 
 b) (20+22)

2
 = 21 

 c) (20 ×90)+(22 ×10)
100

 = 20.2 
3 a) They have the same number of protons and electrons, so they will react the same, but 
their mass is different so their physical properties will be different. 
 b) They contain different proportions of the isotopes of uranium. This means their mean 
mass or relative atomic mass will be different. 
 c) It can have these three possible molecules: 

   

Study questions p. 30 
1 Noble gases do not lose or gain electrons easily as they have full outer shells, so they are 
unreactive. 
2 a) Mg = 2,8,2; Ca = 2,8,8,2 
 b) 2 
 c) 2+ 
3 a) 2,1 
 b) 2 
 c) 2,6 
 d) 2,8 

Study questions p. 32 
1 The diameter of a potassium atom will be 2 × 2/100 000 000 cm = 4 × 10−8 cm, so 1 cm will 
have 1/4 × 10−8 atoms = 25 000 000 atoms. 
2 a) Hydrogen 
 b) Helium 
 c) 2 
 d) Copper 
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3 Thickness of a human hair; smoke particle; fine dust particle; bacterium; molecule of sugar; 
copper atom. 

Study questions p. 35 
1 Periodic properties: properties of an element that depend on the element’s position on the 
Periodic Table  
 Group: vertical column of the Periodic Table 
 Period: horizontal rows of the Periodic Table 
2 a) Germanium 
 b) Silver grey metal, density 5.32 g cm−3, RAM = 72.6, m.p. = 937°C, formula is GeO2 
with density of 4.23 g cm−3. 
 c) Fairly close 
3 a) He used every eighth element to start a fresh row, just like musical octaves. 
 b) The first two rows are identical except that Newland’s group 1 is Mendeléev’s group 
7. The third row has problems. 
 c) Any period 4 element not on Fig. 10.4. 
4 Mendeléev left gaps for elements that had not been discovered, and he made predictions 
about these elements that were accurate.  

Study questions p. 38 
1 a) Non-metals, yellow; noble gases, white; poor metals, pink; reactive metals, blue; 
transition metals, green. 
 b) Groups 1 and 2 
 c) Silver, gold and platinum are all precious, unreactive metals; iron, manganese and 
vanadium can all be used as catalysts. 
 d) Silicon and arsenic 
 e) i) They didn’t form compounds. 
  ii) Some compounds of these gases were made. 
  iii) They hadn’t been discovered in 1869. 
2   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 Points to make:  

• Elements with the same chemistry are in the same groups.  
• It is useful because it can be used to predict the properties of elements. 
• It can accommodate new elements when they are discovered. 
• It also groups elements according to their type, with metals on the left and non-metals on the right. 
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Study questions p. 41 
1 a) Helium, neon, argon, krypton, xenon, radon 
 b) The word ‘noble’ was chosen because unreactive metals like gold and silver are 
called noble metals. 
 c) Because no compounds were known of these elements until 1962. 
2   
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 

a) The greater the relative atomic mass, the higher the boiling point. 
 b) Increasing the mass of the atom also increases the size of the atom and also the 
attraction between the atoms. 
 c) About −71°C 
3 Neon, nitrogen, argon, oxygen, krypton, xenon, water 
4 Single atoms at room temperature. 
 Melting point and boiling point increase down the group. 
 Density of the gas increases down the group. 
 They have no electrons to share or donate. 



● Answers to Study questions 

Edexcel International GCSE Chemistry © Hodder & Stoughton 2017 

 S
ec

ti
on

 1
 

Pr
in

ci
pl

es
 o

f c
he

m
is

try
 2

 

Study questions p. 53 
1 a) 52

52
 = 1 mole 

 b) 2.8
14

 = 0.2 moles 

 c) 0.36
12

= 0.03 moles 

 d) 20
80

 = 0.25 moles 
2 a) 3 × 80 = 240 g 
 b) 1

4
 = 0.25, so 0.25 × 40 = 10 g 

 c) 0.1 × 23 = 2.3 g 
3 
 C H 
percentage by mass reacting 75 25 
mass of 1 mole 12 1 
therefore moles reacting 6.25 25 
ratio of moles reacting 1 4 
therefore ratio of atoms  1 4 
formula CH4 

 
4 a) 
 Cr Br 
percentage by mass reacting 10.4 48 
mass of 1 mole 52 80 
therefore moles reacting 0.2 0.6 
ratio of moles reacting 1 3 
therefore ratio of atoms  1 3 
formula CrBr3 

 b) 
 Cr N 
percentage by mass reacting 0.26 0.33 − 0.26= 0.07 
mass of 1 mole 52 14 
moles reacting 0.005 0.005 
ratio of moles reacting 1 1 
ratio of atoms  1 1 
formula CrN 

5 a) Ca = 40 g, C = 12 g and O = (3 × 16) = 48 g 
 b) CaCO3 has a relative formula mass of 40 + 12 + 48 = 100, so Ca = 40

100
 × 100 = 40%; 

C =  12
100

 × 100 = 12%, and O has 48
100

 × 100 = 48% 
6 a) To make sure all the copper atoms had reacted with as much oxygen as possible. 
 b) i) Mass of oxygen = 15.9 − 12.7 = 3.2 g 
  ii) Cu: 12.7

63.5
 = 0.2 

   O: 3.2
16

 = 0.2 
   Reacting ratio is 0.2:0.2 or 1:1, so formula will be CuO. 
 c) Relative formula mass of CuO = 63.5 + 16 = 79.5, so 15.9

79.5
 = 0.2 moles 

Study questions p. 57 
1 a) K and P 
 b) Co and Cu 
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 c) N and Ni 
 d) Ag and Si 
2 a) Student’s own diagram. 
 b) Student’s own diagram. 
3 a) H+ S2− so two H+ are needed to balance one S2−. 
  Formula is H2S. 
 b) Cl− O2− so two Cl− are needed to balance one O2−. 
  Formula is Cl2O. 
 c) H+ N3− so three H+ are needed to balance one N3−. 
  Formula is NH3. 
4 (OH)2 means two atoms of both oxygen and hydrogen. OH2 means one atom of oxygen and 
two atoms of hydrogen. 
5 a) Cu2+ Cl− so two Cl− are needed to balance one Cu2+. 
  Formula is CuCl2. 
 b) Pb2+ NO3

− so two NO3
− are needed to balance one Pb2+. 

  Formula is Pb(NO3)2. 
 c) Na+ S2− so two Na+ are needed to balance one S2−. 
  Formula is Na2S. 
 d) Fe2+ SO4

2− so one Fe2+ is needed to balance one SO4
2−. 

  Formula is FeSO4. 
 e) Zn2+ CO3

2− so one Zn2+ is needed to balance one CO3
2−. 

  Formula is ZnCO3. 
 f) Fe3+ OH− so three OH− are needed to balance one Fe3+. 
  Formula is Fe(OH)3. 
 g) Ag+ O2− so two Ag+ are needed to balance one O2−. 
  Formula is Ag2O. 
6 a) 1 sodium, 1 chlorine 
 b) 1 magnesium, 2 bromine 
 c) 1 silver, 1 nitrogen, 3 oxygen 
 d) 2 potassium, 1 sulfur, 4 oxygen 
 e) 1 calcium, 1 carbon, 3 oxygen 
 f) 1 copper, 2 nitrogen, 6 oxygen 
 g) 2 iron, 3 sulfur, 12 oxygen 
 h) 2 hydrogen, 1 sulfur, 4 oxygen 
 i) 1 calcium, 2 oxygen, 2 hydrogen 
 j) 2 carbon, 6 hydrogen, 1 oxygen 

Study questions p. 60 
1 a) 4Na(s) + O2(g) → 2Na2O(s) 
 b) Na2O(s) + H2O(l) → 2NaOH 
 c) H2(g) + Cl2 (g) → 2HCl(g) 
 d) Zn(s) + 2HCl(aq) → ZnCl2 (aq) + H2(g) 
2 Fig 15.3: 
 methane + oxygen → carbon dioxide + water 
 CH4(g) + 2O2(g) → CO2(g) + 2H2O(l) 
 Fig 15.4:  
 copper + oxygen → copper oxide 
 2Cu(s) + O2(g) → 2CuO(s) 
 copper oxide + water + carbon dioxide → copper hydroxide + copper carbonate 
 2CuO(s) + H2O(l) + CO2(g) → Cu(OH)2 (s) + CuCO3(s) 
3 a) aluminium + oxygen → aluminium oxide 
  4Al(s) + 3O2 (g) → 2Al2O3(s) 
 b) copper oxide + sulfuric acid → copper sulfate + water 
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  CuO(s) + H2SO4 (aq) → CuSO4 (aq) + H2O(l) 
 c) nitrogen + hydrogen → ammonia 
 2N2(g) + 3H2(g) → 2NH3(g) 
 d) carbon + oxygen → carbon dioxide 
 C(s) + O2(g) → CO2 (g) 
 e) iron + chlorine → iron(III) chloride 
  Fe(s) + 3Cl2 (g) → 2FeCl3(s) 

Study questions p. 66 
1 a) M: 60

60
 = 1 mole; O: 24

16
 = 1.5 moles; 1.5 moles O reacts with 1 mole of M. 

 b) 1 mole to 1.5 moles gives a reacting ratio of 2:3, so empirical formula will be M2O3. 
2 a) 1 mole of NH4NO3 has 2 moles of N, 3 moles of O and 4 moles of H, so nitrogen = 
2 × 14 = 28 g; oxygen = 3 × 16 = 48 g; hydrogen = 4 × 1 = 4 g 
 b) Formula mass of NH4NO3 is 28 + 48 + 4 = 80, so % nitrogen =28

80
 × 100 = 35%; % 

oxygen = 48
80

 × 100 = 60%; % hydrogen = 4
80

 × 100 = 5%. 
3 a) 1 mole of iron oxide reacts with 3 moles of carbon monoxide to make 2 moles of 
iron and 3 moles of carbon dioxide. 
 b) 1 mole of iron weighs 56 g, 1 mole of Fe2O3 contains 2 moles of iron, so Fe = 2 × 56 
= 112 g 
 c) 1 mole of Fe2O3 = (56 × 2) + (16 × 3) = 160 g, % iron = 112

160
 × 100 = 70%, so 70% of 

1 tonne of iron can be made or 0.7 tonnes.  
4 a) 1 mole of gas occupies 24 dm3 or 24 000 cm3 at r.t.p, so 240 000

24 000
 = 10 moles 

 b) 480
24 000

 = 0.02 moles 

 c) 6
24

 = 0.25 moles 
5 a) 5 mol × 24 dm3 = 120 dm3 
 b) 0.02 mol × 24 dm3 = 0.48 dm3 
6 a) CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O(l) 
 b) 2 moles of oxygen reacts with 1 mole of methane, so 600 × 2 = 1200 cm3 of oxygen.  
 1 mole of carbon dioxide is made so 1 × 600 = 600 cm3 of carbon dioxide. 
 c) 600 cm3 is 600

24 000
 moles of gas = 0.025 moles.  

 1 mole of CO2 is 12 + 16 + 16 = 44, so 44 × 0.025 g of CO2 is made = 1.1 g 
7 a) 2Al2O3(s) → 4Al(s) + 3O2(g) 
 b) Relative formula mass of Al2O3 is (27 × 2) + (16 × 3) = 102, 
 % Al is 54

102
 × 100 = 53%, so 1 tonne will produce 0.53 tonnes (530 kg) of aluminium. 

 c) % yield = 440
530

 × 100 = 83% 
8 a) C2H4 + H2O → C2H5OH 
 b) Relative formula masses are ethanol (12 × 2) + (1 × 6) + 16 = 46, ethene (12 × 2) + 
(1 × 4) = 28 
 10 tonnes of ethanol has 10 000 000

46
 = 217 391.3 moles, reacting ratio is 1:1, but yield is 50%, 

so 217 391.3
2

 moles will be made = 108 695.6 moles.  
 Mass of ethene is 108 695.6 × 28 = 3 043 476.8 g or 3.04 tonnes. 
 Alternative method is 10 

46
 = 0.217, so 0.217 × 0.5 = 0.109; 0.109 × 28 = 3.05 tonnes 

Study questions p. 71 
1 a) Lithium atoms lose 1, oxygen atoms gain 2. 
 b) Lithium is like helium, oxide is like neon. 
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 c) To balance the negative and positive charges of the ions. 
2 Student’s own diagram. 
3 Student’s own diagrams. 

Study questions p. 74 
1 Electricity can be easily converted into other forms of energy. Gas can only be turned into 
heat and light. 
2 a) Lighting; running domestic appliances (e.g. washing machines, vacuum cleaners); 
powering my computer; controlling heating/air conditioning units, etc. 
 b) Lighting using candles or gas; hand washing clothes or sweeping up with a brush; 
powering a computer is not possible; putting more fuel on a fire by hand or using a large fan. 
3 a) A flow of electrons in a circuit. 
 b) A substance that allows heat or electric current to flow through it easily. 
 c) A substance that does not allow heat or electric current to flow through it easily. 
4 a) Any four metal elements. 
 b) Any four metal elements. 
 c) Any four non-metal elements, except carbon. 
5 a)  

   
 b) Take a piece of thin wire 20 cm long. Connect an ohmmeter/resistance meter to each 
end of a wire and measure the resistance of the wire. Repeat using a thick piece of wire. Record the 
results. 
 c) Measure the length of the wires and the resistance of the wires. 
 d) The wire with the lower resistance would be the better conductor of electricity. 

Study questions p. 77 
1 Electrolysis: passing an electric current through a substance to break it down. 
 Electrolyte: the liquid or solution the electric current passes through. 
 Electrode: the solid that dips into the electrolyte to allow the electric current to enter or 
leave the electrolyte. 
 Anode: the electrode that is connected to the positive terminal of the power 
supply/battery/cell. 
 Cathode: the electrode that is connected to the negative terminal of the power 
supply/battery/cell. 
2 a) Calcium, lead 
 b) Phosphorus, carbon 
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 c) Copper sulfate solution, dilute sulfuric acid 
 d) Water, carbon disulfide 
 e) Lead, carbon 
 f) Methane, carbon disulfide 
 g) Water, methane, carbon disulfide 
3 a) They do not conduct electricity. 
 b) They conduct electricity when molten or dissolved in water. 

Study questions p. 80 
1 a) Potassium chloride, copper 
 b) Copper 
2 a) 6 
 b) 6 
3 Potassium hydroxide, K+ OH−, KOH 
 Iron(III) nitrate, Fe2+ NO3

−, Fe(NO3)2 
 Barium chloride Ba2+ Cl−, BaCl2 
 Calcium carbonate, Ca2+ CO3

2−, CaCO3 
 Silver sulfate K+ SO4

2−, K2SO4 
 Sodium sulfate Na+ SO4

2−, Na2SO4 
 Aluminium oxide Al3+ O2−, Al2O3 
 Zinc bromide Zn2+ Br−, ZnBr2 
 Copper(II) nitrate Cu2+ NO3

−, Cu(NO3)2 
 Magnesium sulfide Mg2+ S2−, MgS 
4 The larger doubly charged ions of Mg and O means that the bonds between them are much 
stronger than the single charged ions of Na and F. 

Study questions p. 83 
1 Fig. 21.1: metals are strong and easy to shape. 
 Fig. 21.2: bonds are made between all the clay particles making it rigid. 
 Fig. 21.3: diamond is hard and unreactive, flat surfaces also reflect the light. 
 Fig. 21.4: lead and sulfur ions; the particles are arranged alternatively in all directions. 
2 Simple molecules will have low melting and boiling points, but giant covalent structures 
will have high ones. Simple molecules may dissolve in water, but giant covalent ones do not. 
3 Chlorine: simple molecular 
 Limestone: giant ionic 
 Silver: giant metallic 
 Air: simple molecular 
 Rubber: giant covalent  
 Polyvinyl chloride: giant covalent 
 Bronze: giant metallic 
 Wood: giant covalent. 
4 a) See if the substance conducts electricity when solid, when molten, or when in an 
aqueous (water) solution. 
 b) Metals would conduct electricity when solid and molten. 
 Ionic compounds only conduct when molten or in aqueous solution. 
 Giant covalent compounds do not conduct electricity except in special cases, e.g. graphite. 
 Simple molecular compounds do not conduct electricity. 
 c) Metals have electrons that are free to flow or move. 
 Ionic compounds have no available electrons when solid, but form charged particles in 
 water and When molten that can conduct electricity/ allow electric charge to flow. 
 Giant covalent compounds may sometimes have electrons that are free to move. 
 Simple molecular compounds have no free electrons. 



● Answers to Study questions 

Edexcel International GCSE Chemistry © Hodder & Stoughton 2017 

 S
ec

ti
on

 1
 

Pr
in

ci
pl

es
 o

f c
he

m
is

try
 2

 

Study questions p. 87 
1 Covalent bond: a shared pair of electrons. 
 Intermolecular force: an attraction between two molecules that is not as strong as a bond. 
 Simple molecule: a small molecule that often consists of the atoms in the empirical formula. 
 Displayed formula: a formula that shows the atoms, bonding, and arrangement of a 
molecule. 
 Nucleus: the central part of an atom that is positively charged and contains protons and 
neutrons. 
2 Simple molecules have low boiling pints so they are vapour at room temperature and can be 
inhaled. Metals have high melting points so are solids at room temperature. 
3 It doesn’t conduct electricity, melts at a low temperature. 
4 Student’s own diagrams. 
 

Study questions p. 91 
1 The strong covalent bonds extend in a large 3D arrangement throughout the whole structure. 
2 a) Jewellery, cutting tools 
 b) Jewellery: very hard, produces surfaces that reflect light when cut, unreactive 
 Cutting tools: very hard so can cut other materials and keeps sharp for a long time. 
3 a) 600

12
 = 50 moles 

 b) 50 × 6.02 × 1023 = 3.01 × 1025 

4 They are very valuable, but beyond that not really. 
5 a) In graphite each carbon atom is joined to three others making a large flat 
hexagonally shaped sheet. Each sheet is attracted to one above it and one below it, giving a layered 
structure.  
 b) The layers can be easily separated, but the sheets of bonded atoms need a lot of 
energy to separate. 
6 

diamond graphite fullerene 
hard soft hard 
does not conduct 
electricity 

conducts electricity semi-conductor 

high melting and boiling 
points 

high melting and boiling 
points 

high melting and boiling 
points 

contains only carbon 
atoms 

contains only carbon atoms. contains only carbon atoms. 

7 a) Pencil ‘lead’ contains graphite that is used as a lubricant. 
 b) It stays as a solid, doesn’t run on to the fabric. 
 c) It remains solid at high temperatures so it can still lubricate, oil gets runnier the 
hotter it gets so might drip off. 
8 The more clay in the mixture the harder the pencil, the more graphite in the pencil the softer 
the pencil. 
9 a) It allows toxic drugs to be safely transported past healthy cells to then be released 
inside cancer tumours to kill the cancerous cells. 
 b) It provides lightweight semi-conductors that can be used to make flexible and 
portable screens for TVs, computers, mobile phones and similar applications. 
 

Study questions p. 94 
1 Close packing: the atoms are packed as tightly together as possible. 
 Slip: when layers of atoms slide over each other when a force is applied to the atoms. 
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 Malleable: when the atoms slide over or slip past each other so the metal object can change 
shape, but the atoms remain bonded to each other. 
2 a) Metal atoms usually have a large mass, and they pack together into a very small 
volume so their mass/volume ratio ( density) is high. 
 b) There are many attractions between the metal atom nuclei in the sea of electrons. 
This makes it hard to separate individual atoms (i.e. a lot of energy required to melt solid). 
 c) The electrons can move rapidly, transferring the heat energy very quickly through 
the metal. 
 d) The forces holding the atoms together are strong, but their direction can be easily 
changed so the atoms can move position without breaking apart. 
3 a) No, it doesn’t conduct electricity. 
 b) It might be. 
 c) It might be. 
 d) It might be. 
 e) No, the melting point is too high. 
4 a) False 
 b) False 
 c) False 
 d) False (it isn’t) 
 e) True 
 f) True 
5 a) To cool the object quickly, so the bonding arrangement is fixed at that moment. 
 b) It is a very light metal in the Periodic Table, being the third metal, it has only 11 
protons and 12 neutrons. The other metals have up to 118 protons and 200 neutrons. The forces 
holding the atoms together are weak so it melts easily. 

Study questions p. 99 
1 a) Pb2+ and Br− 
 b) Pb2+(l) + 2e− → Pb(s) 
 2Br−(l) → Br2(l) + 2e− 

2 The electrolytes are hydrochloric acid and aqueous magnesium chloride  
3 a) Anode: chlorine gas, cathode: calcium 
 b) Anode: bromine, cathode: hydrogen 
 c) Anode: oxygen, cathode, zinc 
4 Balancing figures are in italics 
 a) 2H+ + 2e− → H2 
 b) O2− → 2e− + O2 
 c) Al3+ + 3e− → Al 
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Study questions p. 109 
1 lithium + chlorine → lithium chloride 
 2Li + Cl2 → 2LiCl  
2 No answers required. 
3 a) i) Magnesium oxide 
  ii) Calcium hydroxide and hydrogen 
 b) Calcium 
4 a) Rb Ar = 85, b.p = 688°C; Cs Ar = 133, b.p = 671°C 
 b)  

   
 c) The boiling points are lower as the relative atomic mass increases; the reduction in 
boiling points decreases as the relative atomic mass gets greater. 

Study questions p. 112 
1 The elements of Group 7. 
2 a) Salt 
 b) Seawater 
 c) Seaweed 
3 Low melting and boiling points, made of simple molecules. 
4 a) Fluorine:  
  i) Almost colourless 
  ii) Gas at room temperature 
  iii) Simple molecules 
  iv) m.p = around −220°C 
  v) b.p. = around −188°C 
 b) Astatine:  
  i) Dark grey/black colour 
  ii) Solid at room temperature 
  iii) Simple molecules 
  iv) m.p = around 300°C 
  v) b.p. = around 350°C 
5 a) Unstable radioactive element: an element that will change into another element by 
random radioactive decay. 
 b) Synthesised: made artificially. 
 c) Diatomic molecule: molecule containing two atoms. 
 d) Intermolecular forces: weak interactions between two different molecules. 
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Study questions p. 115 
1 React chlorine water with sodium chloride solution. Repeat the test, using first sodium 
bromide solution, then sodium iodide solution. 
 Repeat the tests using bromine water, and iodine water instead of chlorine water. 
 Chlorine water reacts with sodium bromide solution producing orange bromine: 
 Cl2(aq) + 2NaBr(aq) → 2NaCl(aq) + Br2(aq) 
 Chlorine water reacts with sodium iodide solution producing brown iodine solution: 
 Cl2(aq) + 2NaI (aq) → 2NaCl(aq) + I2(aq) 
 Bromine water only reacts with sodium iodide solution producing brown iodine solution: 
 Br2(aq) + 2NaI(aq) → 2NaBr(aq) + I2(aq) 
 Iodine water does not react with sodium chloride or bromide solutions. 
 This shows that chlorine is most reactive, then bromine and least reactive is iodine. 
2 Potassium and fluorine 
 Potassium and chlorine 
 Sodium and chlorine 
 Sodium and iodine 
 Lithium and iodine 
3 a) The reaction will produce sodium fluoride and bromine: 
  F2(g) + 2NaBr(s) → 2NaF(s) + Br2(l) 
 b) In addition to normal laboratory safety procedures, the reaction should be done in a 
working fume cupboard as there is a possibility that fluorine gas may be released, and also bromine 
vapours may be present. 

Study questions p. 118 
1 a) Oxidation and reduction 
 b) Keep foods cool; dry foods; salt foods; pickle foods in vinegar or lime; make 
preserves with sugar such as jams; freeze foods. 
 c) Prevent microbes working on the foods, e.g. being cold, lack of water slows 
microbes working, microbes cannot live when it is too salty, too acidic or alkaline, or too sugary. 
2 a) Aluminium is oxidised, water is reduced. 
 b) Hydrogen is oxidised, oxygen is reduced. 
 c) Hydrogen is oxidised, copper oxide is reduced. 
3 a) Yes; the copper oxide will be reduced by the magnesium as magnesium is higher in 
the reactivity series than copper. 
 b) No; the magnesium oxide will not be reduced by the copper as magnesium is higher 
in the reactivity series than copper  
 c) Y, W, X 

Study questions p. 122 
1 a) Air pressure forces water up the tube to replace the oxygen that has reacted, so the 
air pressure inside the tube remains the same as air pressure outside. 
 b) There is no way of knowing the volume of the tube above the  50 cm3 mark. 
 c) i) The volume between 50 cm3 and the tap. 
  ii) 50 + 10 – 15 = 45 cm3 

 d) i) 50 + 10 – 24.5 = 35.5 cm3 
  ii) 24.5 − 15 = 9.5 cm3 
  iii) 9.5

45
 × 100 = 21.1% 

Study questions p. 125 
1 a) Making iron and steel; in hospitals/medical; helping substances burn 
 b) There is no oxygen in space for fuels to burn with. 
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2 a) The oxide of a metal element. 
 b) The oxide of a non-metal element. 
 c) An oxide of a metal element that is soluble in water. 
3 a) Metal 
 b) 2Ba(s) + O2(g) → 2BaO(s) 
  BaO(s) + H2O(l) → Ba(OH)2(aq) 
 c) Calcium 

Study questions p. 128 
1 a) To give the drink a pleasant taste. 
 b) Carbon dioxide does not allow substances to burn, and is heavier than air. The 
carbon dioxide covers the fire, preventing oxygen from the air reaching the substance, so the fire 
goes out. 
2 Dry ice is solid carbon dioxide. It evaporates to a gas that excludes oxygen so microbes 
cannot live, and the temperature is much colder than a refrigerator.  
3 Carbon dioxide is heavier than air, and that candles cannot burn in carbon dioxide gas. 
4 a) By dissolving the carbonate in dilute hydrochloric acid. 
 b) Using calcium: 
  CaCO3 (s) + HCl(aq) → CaCl2 (aq) + CO2(g) 
 c) Downward delivery: because it is heavier than air, and will displace the air. 
  Over water: because it is not very soluble in water. 
 d) By dropping a little dilute hydrochloric acid on to the limestone, and testing the gas 
produced with limewater to check it is carbon dioxide  

Study questions p. 135 
1 It will rust. 
2 Dissolve pieces of lithium, sodium, calcium and magnesium in water. The violence of the 
relative reactions can be used to position lithium in the reactivity series. Make sure the pieces used 
are of the same surface area by using cubes of 2 mm2 sides. 
3 R, P, Q 
4 a) copper + oxygen → copper oxide 
  2Cu(s) + O2(g) → 2CuO(s) 
 b) aluminium + oxygen → aluminium oxide 
  4Al(s) + 3O2(g) → 2Al2O3(s) 
 c) calcium + water → calcium hydroxide + hydrogen 
 Ca(s) + 2H2O(l) → Ca(OH)2(aq) + H2(g) 
 d) zinc + hydrochloric acid → zinc chloride + hydrogen 
  Zn(s) + 2HCl(aq) → ZnCl2 (aq) + H2(g) 
 e) iron + sulfuric acid → iron sulfate + hydrogen 
 Fe(s) + H2SO4(aq) → FeSO4(aq) + H2(g) 
5 a) Copper is a less reactive metal, and so doesn’t react with foods in copper saucepans. 
 b) It is very expensive. 
 c) There is an oxide layer on the surface that prevents foods reacting with the 
aluminium. 
 d) The inside layer of the can is protected by a lacquer, varnish or plastic coating. 
6 a) Displacement or redox 
 b) Mass of metal used; use a powder or a solid piece (surface area); the concentration of 
the sulfuric acid; volume of the sulfuric acid 
 c) i) Iron = 6.9°C 
   Lead = 3.4°C 
   Nickel = 4.8°C 
  ii) Iron; the results show the greatest variation, or range. 
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  iii) The metals have different reactivities. 
  iv) Iron, nickel, lead, copper 

Study questions p. 137 
1 a) Rust is a hydrated oxide of iron. 
 b) Rust forms when iron comes into contact with both air and water. 
2 Painting; oiling/greasing; coating with a more reactive metal; covering with plastic 
3 a) All the iron eventually turns to hydrated iron oxide. 
 b) The bottom of the railings will remain wet longer than the top, so the bottom rusts 
more. 
 c) At the bottom of deep sea there is very little oxygen dissolved in the water. This 
slows down the rate of rusting. 
4 Student’s own diagram. 
 a) Measure the mass of two identical iron nails, then place one in a test tube containing 
distilled water and the other in a test tube containing seawater. Make sure to use the same volume of 
water each time. After 1 week remove each nail, wash it to remove all traces of rust, dry each nail 
and weigh them. Calculate the percentage of mass lost. The one with the least percentage loss in 
mass has rusted the least. Distilled water nail should rust least/has least loss in mass. 
 b) Repeat the test from part a) using identical sized and shaped pieces of steel and iron 
instead of the nails. The iron piece should have rusted least/have least loss in mass. 

Study questions p. 140 
1 Mining and refining the ore; extraction of the metal from the ore; purifying the metal. 
2 a) Mg2+, Cl− 

 b) Mg2+ + 2 Cl− → Mg + Cl2 
 c) The magnesium ion gains two elections, so the process is reduction. 
3 a) Titanium is unreactive and so is not corroded by body fluids. 
 b) Making aircraft parts. 
 c) TiO2 
 d) TiCl4 + 4Na → 4NaCl + Ti 
 e) To make sure the sodium used to produce titanium from titanium chloride or the 
titanium itself does not react with oxygen from the air and become sodium oxide or titanium oxide. 

Study questions p. 143 
1 a) They use blasts of hot air to help reduce the iron oxide. 
 b) The coal can be easily transported to the blast furnace and turned into coke. A lot of 
coal is needed. 
 c) Limestone, iron ore, coke 
 d) Iron, slag, carbon dioxide 
2 a) Steel is much cheaper than the other metals. 
 b) It is reduced with carbon; it needs little purification; the ores are plentiful. 
 c) It is cheap; it is easy to obtain; it can be easily shaped; it is very strong. 

Study questions p. 145 
1 a) Aluminium needs lots of electricity to be extracted; hydroelectric power plants 
provide cheap electricity. 
 b) It is very difficult to extract the aluminium from clay. 
2 a) Mg2+, Cl− 
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 b)  

   
 c) The steel would react with the chlorine gas given off. Carbon does not. 
3 a) Strong 
 b) Good heat conductor 
 c) Light 
 d) Hard 

Study questions p. 149 
1 Electrolysis; extracting by heating with carbon; heating the ore. 
2 Metals at the top of the reactivity series need to be extracted by electrolysis. Metals at the 
bottom of the reactivity series need to be extracted by heating. Metals in the middle are extracted by 
reduction with carbon. 
3) a) Mercury: heating the ore 
 b) Chromium: reduction by carbon 
 c) Nickel: reduction with carbon 
 d) Manganese: reduction with carbon 
 e) Calcium: electrolysis 
4 a) Aluminium oxide 
 b) Potassium 
 c) Al3+(s) + 3e− → Al(s) 
  K(s) → K+(s) + e− 

5 a) Thermal decomposition 
 b) CuCO3(s) → CuO(s) + CO2(g) 
  CuO(s) + H2(g) → Cu(s) + H2O(g) 
 c) Hydrogen should be placed between copper and lead in the reactivity series. 
 d) Heating the malachite/copper carbonate will always produce carbon dioxide. This 
amount will be the same for both processes. Reduction of the copper oxide by carbon produces 
more carbon dioxide, but this would not be produced if hydrogen was used. Hydrogen reduction 
produces water vapour, which is harmless. Hydrogen is more environmentally friendly. You would 
have to consider the environmental impact of producing the hydrogen gas in comparison to 
producing the carbon needed as well. 
6 a) Heating the ore in air will roast the ore removing the sulfide impurities.  
  SnS(s) + 2O2(g) → SnO2(s) + SO2(g) 
 b) Carbon is likely to be cheaper than electricity, and as tin is low enough in the 
reactivity series to be extracted by carbon, this should be used. 
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Study questions p. 156 
1 a) pH 3−5 
 b) i) Red 
  ii) Yellow 
 c) i) Colourless 
  ii) Colourless 
 d) pH 5−8  
2 

Property/reaction of acids  
pH values 0−6.9 
reaction with other indicators red with litmus 

colourless in phenolphthalein 
red or orange in methyl orange 
red, orange, yellow or sand with universal 
indicator 

reaction with metals makes a salt and hydrogen gas 
reaction with alkalis/bases makes a salt and water 
reaction with carbonates makes a salt, water and carbon dioxide gas 

3 a) Ethanoic acid can dissolve the calcium carbonate that is the scale inside kettles. 
 b) It is too strong an acid and would corrode/dissolve/damage the metal of the kettle. 
 c) The vinegar is dilute and a weak acid. 
  Battery acid is concentrated and a strong acid. 
4 a) Unless water is present, the acid cannot form the hydrogen ions that cause acidity. 
 b) The hydrogen and chlorine atoms are covalently bonded, so cannot form H+ ions. 
 c) An acid is a substance that can provide H+ ions.  
5 a) iron + sulfuric acid → iron sulfate + hydrogen 
   Fe(s) + H2SO4(aq) → FeSO4(aq) + H2(g) 
 b) aluminium + hydrochloric acid → aluminium chloride + hydrogen 
   2Al(s) + 6HCl(aq) → 2AlCl3 (aq) + 3H2(g) 
 c) sodium oxide + sulfuric acid → sodium sulfate + water  
  Na2O(s) + H2SO4 (aq) → Na2SO4(aq) + H2O(l) 
 d) zinc oxide + hydrochloric acid → zinc chloride + water 
  ZnO(s) + 2HCl(aq) → ZnCl2(aq) + H2O(l) 
 e) copper oxide + nitric acid → copper nitrate + water 
   CuO(s) + 2HNO3(aq) → Cu(NO3)2 (aq) + H2O(l) 
 f) copper carbonate + hydrochloric acid → copper chloride + carbon dioxide + water 
  CuCO3(s) + 2HCl(aq) → CuCl2 (aq) + CO2(g) + H2O(l) 
6 a) i) 4 mol/dm3 

  ii) H2SO4 has Mr of 1 + 1 + 32 + 16 + 16 + 16 + 16 = 98, so 4 × 98 = 392 g/dm3 

 b) Concentrated sulfuric acid needs to be diluted by 2 dm3 of water for every 1 dm3 of 
acid, so the volume is three (12

4
) times the original volume. If 6 dm3 of battery acid is needed, then a 

third of the volume is 2 dm3, so 2 dm3 of concentrated sulfuric acid is needed, and 6 − 2 = 4 dm3 of 
water. 

Study questions p. 159 
1 a) Excess hydrochloric acid in the stomach. 
 b) Indigestion remedies neutralise the excess acid in the stomach. 
2 Use five different indigestion tablets (their size, mass etc do not need to be controlled as the 
tablets are the independent variable). Place 50 cm3 of 2 mol/dm3 hydrochloric acid in a beaker. Add 
10 drops of universal indicator solution to the beaker. Add an indigestion tablet, time how long it 
takes for the red-coloured acid solution to turn green. Change the hydrochloric acid and repeat the 
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test for each of the tablets. The best tablet takes the shortest time to turn the universal indicator 
green. 
3 a) magnesium oxide + sulfuric acid → magnesium sulfate + water 
 b) potassium hydroxide + nitric acid → potassium nitrate + water 
 c) zinc oxide + hydrochloric acid → zinc chloride + water 
4 Base: a non-metal oxide. 
 Indicator: a chemical that has different colours in solutions of different pH values. 
 Titration: a method of determining the concentration of an acid or alkali solution by 
comparing the volume and concentration of acid or alkali needed to neutralise a known volume of 
acid or alkali. 
 End point: the point in a titration when the solution is neutral. 
5 a) ( 30

1000
) × 2 = 0.06 moles 

 b) ( 10
1000

) × 3 = 0.03 moles 
 c) 2 moles of NaOH are needed for every mole of H2SO4  
 d) H2SO4(aq) + 2NaOH(aq) → Na2SO4 (aq) + 2H2O(l) 

Study questions p. 162 
1 a) Acids have a pH of 0−6.9, bases neutralise acids. Acids are the oxides of non-metal 
elements dissolved in water, bases are the oxides of metal elements. 
 b) Bases are metal oxides, alkalis are bases that can dissolve in water. 
 c) Bases can neutralise acids, salts are the products of an acid and base neutralisation 
reaction and have a pH of 7 when dissolved in water. 
2 a) Bases are compounds that can neutralise acids whereas alkalis are bases that can 
dissolve in water. Not all bases can dissolve in water. 
 b) Limestone and quicklime can be used to neutralise acids, but do not dissolve in 
water. Slaked lime neutralises acids and dissolves in water. 
3 a) Calcium oxide + water → calcium hydroxide 
  CaO(s) + H2O(l) → Ca(OH)2 
 b) zinc oxide + hydrochloric acid → zinc chloride + water 
 ZnO(s) + 2HCl(aq) → ZnCl2(aq) + H2O(l) 
4 a) Place a drop of liquid from each bottle, one at a time on the piece of calcium 
carbonate. The liquids that produce a fizz or a gas are probably the acids.  
 b) CaCO3(s) + 2HCl(aq) → CaCl2 (aq) + CO2(g) + H2O(l) 
5 The part of an acid that acts as an acid is the H+(aq) ion. The part of a base that acts as a 
base in a neutralisation reaction is always the OH−(aq) ion. This means that any neutralisation 
reaction can be represented using this equation. 

Study questions p. 166 
1 Hydrated: a salt that contains some water in its structure. 
 Water of crystallisation: the quantity of water in the structure of a hydrated salt. 
 Precipitation: the formation of a solid in a solution by the reaction of two soluble 
compounds. 
 Insoluble: a compound that will not dissolve in a named solvent such as water. 
2 a) mol/dm3 
 b) g/dm3 
3 a) Mix together the two solutions, one containing the positive ion, the other the 
negative ion. 
  Filter the precipitate then wash the precipitate with cold (distilled) water. 
  Dry the precipitate at room temperature. 
 b) Use barium chloride (or other soluble barium compound) solution and sodium 
sulfate (or other soluble compound containing sulfate ions) solution. Mix equal volumes of the 
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solutions. Filter off the precipitate, wash with cold water, then dry the precipitate at room 
temperature. 
 c) For example: 2BaCl2 (aq) + 2Na2SO4(aq) → 4NaCl(aq) + 2BaSO4(s) 
4 
Soluble compounds Insoluble compounds 
Pb(NO3)2 CuCO3 
K2SO4  
NH4Cl  
FeSO4  

5 Epsom salts contains water of crystallisation; 1 mole of Epsom salts will contain 7 moles of 
water. 

Study questions p. 170 
1 a) Sodium would react very violently with the acid. 
 b) i) No more hydrogen gas will be produced, and there is zinc left in the bottom 
of the beaker. 
 ii) No more copper oxide will dissolve, so the beaker will have black powder on the 
bottom. 
 iii) No more carbon dioxide gas would be produced, and there is copper carbonate left in 
the bottom of the beaker. 
 c) i) All the acid has reacted. 
  ii) The solid can be filtered off the salt solution/the salt is in the solution. 
 d) An insoluble salt would get mixed with the excess metal, base or carbonate and 
could not be easily separated. 
 e) The excess solid that has dissolved in the water cannot be easily separated from the 
salt solution. 
2 a) The indicator solution would contaminate the solution of the salt, whereas the 
universal indicator paper doesn’t. 
 b) Add sodium carbonate solution 5 cm3 at a time to 25 cm3 of dilute nitric acid. Check 
the pH of the solution after each 5 cm3 of sodium carbonate is added. When the solution is neutral 
don’t add any more sodium carbonate. Evaporate the solution of sodium nitrate to one-third of its 
original volume (crystallisation point) then allow to cool down and the sodium nitrate will 
crystallise out. 
 c) sodium carbonate + nitric acid → sodium nitrate + carbon dioxide + water 
  Na2CO3(aq) + 2HNO3(aq) → 2NaNO3(aq) + CO2(g) + H2O(l) 
Study questions p. 175 
1 a) Dip a nichrome wire into concentrated hydrochloric acid and heat it until there is no 
colour to the flame. Dip the wire in concentrated hydrochloric acid, then dip it into powdered 
calcium carbonate. Place the wire into the flame and note the colour produced in the flame. 
 b) Brick red 
 c) You are using concentrated hydrochloric acid, and bits of the hot chalk may fly out 
of the flame into your eye. 
 d) Electrons in the metal have extra energy from the flame that they release as light of 
different wavelengths. 
2 a) Carry out a flame test as in 1(a). If copper is present then the flame will have a blue-
green colour. Dissolve a little of the pesticide in water. Add a few drops of sodium hydroxide 
solution. A blue precipitate will be made. 
 b) Add a little dilute hydrochloric acid to the solution, and then some barium chloride 
solution. A white precipitate of barium sulfate will form. 
3 To show both contain sodium carry out a flame test on each bottle of crystals. They should 
both produce a yellow flame test result. To identify the chloride and iodide, dissolve a few crystals 
of X in a test tube with 5 cm3 of water. Add a few drops of dilute nitric acid and then a few drops of 
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silver nitrate. The solution will produce a white precipitate if X is sodium chloride. Repeat the test 
using crystals of Y. This time the test will produce a yellow precipitate if Y is sodium iodide. 
4 a) Dissolve some of the powder in water. Add a little sodium hydroxide solution and 
warm gently. A gas will be given off. Test the gas with damp red litmus paper. This will turn blue if 
ammonium ions are in the powder. To show the powder contains chloride ions, dissolve a few 
crystals in a test tube with 5 cm3 of water. Add a few drops of dilute nitric acid and then a few drops 
of silver nitrate. The solution will produce a white precipitate if a chloride is present. 
 b) Place a piece of damp red litmus paper in the gas. If the gas is chlorine, then the 
litmus paper will be bleached. 
5 To each boiling tube slowly insert a burning spill. The hydrogen gas will burn giving a loud 
‘pop’. The oxygen will allow the flame to burn more brightly, and the carbon dioxide will put the 
burning spill out. 
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Study questions p. 192 
1 a) Endothermic 
 b) Exothermic 
 c) Exothermic 
2 a) CH4(g) + 2O2(g) → 2H2O(l) + CO2(g); ΔH = −880 kJ/mol 
 b)  

   
3 a) Endothermic 
 b) Products contain more energy. 
 c)  

   
4 a) C(s) + O2(g) → CO2(g) 
 b) 1 mole of carbon weighs 12 g, so energy released by 1 g × 12 = 33 × 12 = 396 kJ/mol 
 c) ΔH = −396 kJ/mol 
 d)  

   

Study questions p. 197 
1 a) Not all the energy is transferred to the can; draughts allow some energy to be lost to 
the surroundings. 
 b) Place heat shields around the flame to reduce the losses to the surroundings or 
reduce the draughts. 
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2   
  
 
 
 
 
 
 
 
 
 
3 a) 25 g 
 b) 25 g × 4.2 × 7°C = 735 J 
 c) Mr of CaCl2 = 40 + 35.5 + 35.5 = 111, so 11.1

111
 = 0.1 moles 

 d) If 0.1 moles produces 735 J, then 1 mole produces 735
0.1

 = 7350 J/mol 
4 a) 250 g × 0.381 × 10°C = 952.5 J 
 b) 1 g of ethanol transfers 21 000 J of energy to the water, so with the can 21 000 + 
952.5 is provided by 1 g of ethanol, = 21 952.5 J or 21.95 kJ 
  46 g (1 mole) of ethanol will transfer 21.95 kJ × 46 = 1009.7 kJ/mol 

Study questions p. 200 
1 a) 2H2(g) + O2(g) → 2H2O(g) 
 b) 2H–H(g) + O=O(g) → 2H–O–H(g) 
 c)  

   
 
 
 d) Breaking bonds: 2 moles of H–H bonds needs 2 × 436 = +872 kJ 
  1 mole of O=O bonds need 1 × 498 = +498 kJ, so total for breaking bonds = 872 + 
498 = +1370 kJ 
  Making bonds: 4 O–H bonds = 4 × 464 = −1856 kJ  
 e) Overall energy change is +1370 – 1856 = −486 kJ/mol so ΔH = –486 kJ/mol 
2 a) Breaking bonds 4 × C–H = 4 × 413 = 1652 kJ 
  2× O=O = 2 × 498 = 996 kJ, 1652 + 996 = +2648 kJ 
 b) Making bonds 2× C=O = 2 × 805 = 1610 kJ 
  4 × H–O = 4 × 464 = 1856 kJ, 1610 + 1856 = −3466 kJ 
 c) ΔH = +2648 − 3466 = −818 kJ/mol 
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3 a)  

   
   
 b) Breaking bonds 1 × N≡N = 1 × 944 = 944 kJ 
  3 × H–H = 3 × 436 = 1308 kJ, 944 + 1308 = 2252 kJ 
  Making bonds 2 × 3 × N–H = 2 × 3 × 388 = 2328 kJ 
  so ΔH = −2252 + 2328 = +76 kJ/mol 

Study questions p. 205 
1 a) i) 0.50 g 
  ii) 0.40 g 
  iii) 0.35 g 
 b) The reaction rate is decreasing. 
 c) There are less and less reactants over time so the rate slows. 
 d) All of one or both reactant(s) has been completely used up, so there is no reaction. 
 e) Draw a tangent to the curve at three minutes. typical values are: x-axis = 4.0 minutes, 
y-axis = 1.4 g, so gradient/rate of reaction = 1.4 g

4.0 min 
 = 0.35 g per min 

2 a) It reacts faster at the start than the end of the reaction. 
 b) The hydrochloric acid is at its most concentrated, the magnesium has the greatest 
surface area so most atoms are available to react at the start. 
3 a) The solution. The weeds will absorb the already dissolved weedkiller faster as they 
do not have to wait for the weedkiller to dissolve in water. 
 b) 2,4-D is absorbed by dandelions, but not by the grass. 

Study questions p. 208 
1 a) The temperature of the oil is higher than boiling water, so the cooking reaction takes 
place faster. 
 b) It takes longer for the heat to penetrate through a large potato than a small one, so 
the large potato will take longer to reach the temperature at which the cooking reaction takes place. 
There is also more potato to react/cook. 
 c) The cooking reaction will be faster at the higher temperature of a pressure cooker. 
2 The gas particles are closer together, so there will be more collisions between the gas 
particles in the same length of time. This will produce more reacting collisions. 
3 The temperature of the air: this affects the rate, as this will affect the ease of vaporisation of 
the candle wax. 
 Shape of the candle: this has no effect, the wax still needs to be vaporised, and the shape 
plays no part in this. 
 Air pressure: the candle should burn faster at greater air pressure as there will be more 
oxygen molecules in each cm3 of air. 
 Length of the wick: this will increase the rate if it is longer, as it will allow for a larger flame 
that will burn more wax. 
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 Other factors: if the candle is in a draughty place; the temperature of the candle; the type of 
candle wax. 
4 Weigh five pieces of roughly equal sized limestone chips. Place each chip in a 100 cm3 
beaker. Make a solution of very concentrated rainwater (weathering of limestone is very slow, so 
this will speed up the effect) by mixing equal quantities of dilute nitric and sulfuric acid together, if 
possible bubble carbon dioxide through the acid mixture to add carbonic acid to the solution. Place 
25 cm3 of this solution in the first beaker. In the second beaker add 20 cm3 of the solution and 5 cm3 
of water. In the third beaker add 15 cm3 of the solution and 10 cm3 of water. In the fourth beaker 
add 10 cm3 of the solution and 15 cm3 of water. In the fifth beaker add 5 cm3 of the solution and 
20 cm3 of water.  
 After two days, empty the solutions from each beaker, rinse the limestone chip, dry and then 
re-weigh it. Calculate the percentage change in mass of each chip. Plot a graph of volume of acid 
used against percentage loss in mass of the limestone. 

Study questions p. 212 
1 a) C 
 b) B 
 c) A 

Study questions p. 215 
1 Decomposition of hydrogen peroxide by manganese(IV) oxide 
 Platinum in catalytic converters reducing NO to N, 
 And oxidising CO to CO2 
 Iron in the Haber process, making ammonia 
 Vanadium oxide in the manufacture of sulfuric acid 
2 Place 20 cm3 of hydrogen peroxide solution into a 100 cm3 beaker. Add 1 g of 
manganese(IV) oxide. Wait until the reaction is complete. Dry and weigh a filter paper. Filter the 
solution, washing out the beaker to make sure all the manganese(IV) oxide is washed into the filter 
paper. Dry the filter paper and manganese(IV) oxide in an oven, then weigh the paper and 
manganese(IV) oxide. Calculate the mass of manganese(IV) oxide on the paper. 
3 A catalyst may allow the formation of an intermediate or allow a molecule to be adsorbed 
on to its surface. This may provide an energetically lower pathway for the reaction with a lower 
activation energy. The intermediate then breaks down, so making the products, or the adsorbed 
product molecule is released by the catalyst. 

  

Study questions p. 219 
1 Irreversible reaction: a reaction in which the products cannot be converted back to the 
reactants. 
 Reversible reaction: a reaction where the products can be converted back to the reactants. 
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 Dynamic equilibrium: a reaction where there is a fixed proportion of reactants to products, 
and where as fast as reactants become products, products become reactants. 
2 a) NH4Cl ⇌ NH3 + HCl 
 b) They have different masses. 
 c) Ammonia, as it is the lighter gas. 
 d) The ammonia and hydrogen chloride recombine to form white powder of ammonium 
chloride. 
3 a) CoCl2.6H2O ⇌ CoCl2 + 6H2O 
 b) Add water to blue anhydrous cobalt chloride. 
 c) A liquid that might contain water is added to blue anhydrous cobalt chloride powder. 
If the cobalt chloride powder turns purple, then water is present in the liquid.  

Study questions p. 222 
1 Temperature; concentration; surface area; and use of a catalyst. 
2 a) High pressure will favour the reaction. 
 b) Low temperature will favour the reaction. 
3 a) High temperature and low pressure 
 b) The reaction is endothermic, so the high temperature provides the energy needed for 
the reaction. As there are four product molecules and only two reactant molecules, then low 
pressure will force the reaction in the direction of the products. 
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Study questions p. 233 
1 a) It is a major source of fuels and industrial chemicals throughout the world. 
 b) There is only a finite amount of it, and we cannot make any more. 
 c) Fractional distillation 
2 a) Refinery gases; gasoline; kerosene; diesel; fuel oil; lubricating oil; bitumen. 
 b) Refinery gases are used for LPG, and for making chemicals. 
  Gasoline is used for vehicle fuel, chemicals. 
  Kerosene is used for heating, jet aircraft fuel, chemicals. 
  Diesel is used for fuel for vehicles. 
  Fuel oil is used for ships and heating. 
  Lubricating oil is used to make lubricants and waxes. 
  Bitumen is used for roofing, waterproofing, and asphalt/tarmac for roads. 
3 a) ‘Organic’ means ‘natural’ or ‘not interfered with by humans’. 
 b) The first chemicals studied were found in the organs of dead bodies. 
 c) Low melting and boiling points; poor conductors of electricity 

Study questions p. 236 
1 a) Poisonous and harmful gases and particles/dust such as soot. 
 b) By burning fossil fuels, in houses, factories and vehicles. 
 c) Poisonous or harmful to living things; makes acid rain that can corrode buildings, 
rocks and get into rivers and lakes; destroying the Earth’s protective ozone layer. 
2 a) Acid rain is rain with a pH of less than 7. It is caused by oxides of sulfur and 
nitrogen, from power stations burning fossil fuels, dissolving in rain. 
 b) i) It can kill off both plants and animals such as fish and invertebrates 
  ii) It burns sensitive leaves, eventually killing the plants and trees. 
3 a) Reduce emissions of sulfur and nitrogen oxides from vehicles and factories; reduce 
the quantity of particles in gases given off by factories; use less fossil fuels. 
 b) The measures needed are expensive and governments and industry are reluctant to 
impose controls. Everyone likes to be able to drive their vehicle as much as they like. They will not 
like being told they can only drive a limited number of kilometres a year. 

Study questions p. 239 
1 Cracking: process of breaking up large unwanted hydrocarbon molecules into smaller more 
useful ones 
 Catalytic: process that requires a catalyst. 
 Alkene: a hydrocarbon molecule with at least one double bond present in it. 
 Unsaturated: contains at least one double bond. 
2 a) It makes less useful molecules into very useful molecules, particularly those with 
double bonds in them. 
 b) Temperature in the range of 600−700°C, and a catalyst of aluminium oxide or silicon 
oxide. 
 c) C8H18 → C5H12 + C3H6 
 d)  

   
 e) C4H10 → C4H8 + H2 
3 Some likely changes include: more reliance on renewable energy sources for heating; less or 
more expensive travel by land, sea and air; more expensive goods; more biodegradable 
polymers/plastics; more natural fibres used in clothing. 
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Study questions p. 245 
1 Hydrocarbon: a compound containing only hydrogen and carbon atoms. 
 Alkane: a hydrocarbon that has only single bonds. 
 Homologous series: a group of hydrocarbons where each compound differs from the next by 
the same number and type of atoms, e.g. each alkane in the series differs from the next by one CH2 
group. 
 Isomerism: same number and type of atoms, but different structure. 
 Empirical formula: the smallest ratio of atoms in the compound. 
2 a) Octane has eight carbon atoms, and all the bonds are single bonds. 
 b) Student’s diagram of a long-chain molecule of 8 carbon atoms and 18 hydrogen 
atoms. 
 c) 22 
3 The chemical properties of a homologous series are similar in the series, in the same way as 
the chemical properties of a group are similar. The physical properties of a homologous series 
change in the series in a similar way to the physical properties within a group. 
4 a)  

   
 b) C5H12 
 c)  

   
5 a) 2C8H18(l) + 25O2(g) → 16CO2(g) + 18H2O(l) or 
  C8H18(l) + 12½O2(g) → 8CO2 (g) + 9H2O(l) 
 b) Water and carbon monoxide 
 c) There may not be enough oxygen in the garage, so more carbon monoxide than usual 
is made as the octane burns. Carbon monoxide is poisonous as it is absorbed by haemoglobin in the 
blood instead of oxygen. 
6 As the molecular size of alkanes increases, they are able to tangle up, and have greater 
intermolecular attractions. This makes it harder to separate them into individual molecules of gas, 
so more energy is needed to do this, and so the larger molecules have higher melting and boiling 
points. 
7 a) No answer required. 
 b) Empirical formula of hexane is C3H7. 
  Molecular formula of hexane is C6H14. 
  Displayed formulae of hexane: 
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 c)  

   
 d)  No answer required. 

Study questions p. 248 
1 a) i) C3H6 + H2 → C3H8  
  ii) C3H6 + Br2 → C3H6 Br2 
 b) i)  

    
  ii)  

    
2 If alkanes have a general formula of CnH2n+2, then as an alkene has a double bond, which 
means there are two less hydrogen atoms in each molecule, then the general formula will have two 
less hydrogen atoms, or 2n instead of 2n+2. 
3 When you are saturated your clothing is full of water and can accept no more water. In 
saturated carbon compounds, there are no double bonds that can be broken and allow more atoms to 
be added to the molecule; in effect the molecule is full, just like the clothing. 

Study questions p. 251 
1 Fermentation: chemical change caused by the action of yeast or microbes on a chemical, 
e.g. yeast and sugar ferments to alcohol. 
 Enzyme: an enzyme is a biological catalyst. 
 Alcohol: a group of compounds based on hydrocarbons with an –OH group. 
2 a) Fermentation produces ethanol which is an important industrial solvent. 
 b) Ethanol and carbon dioxide 
 c) Enzymes for the yeast. 
 d) One method uses renewable resources, such as sugars that are made by plants, the 
other uses crude oil which is not renewable. 
3 a) 2n+2 
 b) Cn H2n+2O 
4 a) CH3CHOHCH2CH3 
 b) No answer required. 
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5 a) CH3CH2OH(l) + 3O2(g) → 2CO2(g) + 3H2O(l) 
 b) By microbial oxidation in the presence of oxygen: 
  CH3CH2OH(l) + O2(g) → CH3COOH(l) + H2O(l) 
  By reacting with warm potassium dichromate(VI) solution and sulfuric acid: 
  CH3CH2OH(l) + [O] → CH3COOH(l) 

Study questions p. 254 
1  

  
2 CH3CH2COOH(aq) ⇌ CH3CH2COO−(aq) + H+(aq) 
3 Butanoic acid can produce a hydrogen ion in water. It is the hydrogen ion that is the acid. 
4 Pentanoic acid will make pentanoate salts. 
5 Propanoic acid will react with lithium metal to produce lithium propanoate and hydrogen 
gas. 
 2Li(s) + 2CH3CH2COOH(aq) → 2CH3CH2COO−Li+(aq) + H2(g) 
 You would test for the hydrogen using a lighted spill. It will burn with a loud ‘pop’. 
6 Methanoic acid reacts with potassium carbonate to produce potassium methanoate, carbon 
dioxide and water.  
 K2CO3(s) + 2HCOOH(aq) → 2HCOO−K+(aq) + CO2(g) + H2O(l) 
 You would test the carbon dioxide gas by bubbling it through fresh limewater. If the gas is 
carbon dioxide the limewater will turn a cloudy white. 

Study questions p. 257 
1  

  
2 HCOOC2H5 

  
3  

  
4 Butyl ethanoate 

  
5 a) Ethyl pentanoate 
 b) Propyl ethanoate 
 c) Butyl methanoate 
 d) Pentyl propanoate 
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Study questions p. 260 
1 Polymer: a polymer is a very large molecule made up of many smaller molecules. 
 Addition polymerisation: addition polymers are made by millions of small molecules adding 
on to each other to make one large polymer molecule. 
 Non-biodegradable: a molecule that cannot be decomposed by micro-organisms. 
2 a) Ethene is made by cracking large hydrocarbon molecules. 
 b) Having a double bond means that it is very reactive, and can be used to make other 
chemicals. 
3 a) Making bags, bottles, fencing, pencils, seats. 
 b) It cannot be decomposed by micro-organisms 
4  

   
5 a) The carbon=carbon double bond. 
 b) The double bond breaks and each carbon atom can then join up to another monomer 
which has also broken its double bond. 
 c)  

   

Study questions p. 263 
1 Ethanol has a single –OH group, but ethanediol has two –OH groups. 
2 As soon as there are two –COOH groups the longest carbon chain will have at least two 
carbon atoms in it and so will be an eth-named molecule.  
3  

  
4 Polyester thread will not dissolve. This means that when the stitches are no longer needed a 
fresh operation will be needed to remove them. A biopolyester thread will slowly decay, producing 
substances that are normally present in the body and which can be processed easily by the body. 


	Study questions p. 5
	Study questions p. 8
	Study questions p. 11
	Study questions p. 17
	Study questions p. 20
	Study questions p. 22
	Study questions p. 25
	Study questions p. 30
	Study questions p. 32
	Study questions p. 35
	Study questions p. 38
	Study questions p. 41
	Answer to Study Qs C1-2_2ed-edited_KB.pdf
	Study questions p. 53
	Study questions p. 57
	Study questions p. 60
	Study questions p. 66
	Study questions p. 71
	Study questions p. 74
	Study questions p. 77
	Study questions p. 80
	Study questions p. 83
	Study questions p. 87
	Study questions p. 91
	Study questions p. 94
	Study questions p. 99

	Answer to Study Qs C2_2ed-edited_KB.pdf
	Study questions p. 109
	Study questions p. 112
	Study questions p. 115
	Study questions p. 118
	Study questions p. 122
	Study questions p. 125
	Study questions p. 128
	Study questions p. 135
	Study questions p. 137
	Study questions p. 140
	Study questions p. 143
	Study questions p. 145
	Study questions p. 149
	Study questions p. 156
	Study questions p. 159
	Study questions p. 162
	Study questions p. 166
	Study questions p. 170

	Answer to Study Qs C3_2ed-edited_KB.pdf
	Study questions p. 192
	Study questions p. 197
	Study questions p. 200
	Study questions p. 205
	Study questions p. 208
	Study questions p. 212
	Study questions p. 215
	Study questions p. 219
	Study questions p. 222

	Answer to Study Qs C4_2ed-edited_KB.pdf
	Study questions p. 233
	Study questions p. 236
	Study questions p. 239
	Study questions p. 245
	Study questions p. 248
	Study questions p. 251
	Study questions p. 254
	Study questions p. 257
	Study questions p. 260
	Study questions p. 263


