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Mean Rate of a Chemical Reaction

1a

1b Only a small number of reactant molecules are reacting per second = stage 2

Here all of the reactant has been used up = stage 3

The reaction has stopped = stage 3

The reaction is slowing down = stage 2

The reaction is at its fastest = stage 1

Here the amount of reactant is greatest = stage 1

The maximum number of reactant molecules are reacting per second = stage 1

Here the amount of reactant is running out = stage 2

Because there is no reactant no more product forms = stage 3

1c Stage 1:

Here the amount of reactant is greatest. 

The maximum number of reactant molecules are reacting per second.

The reaction is at its fastest.


Stage 2:

Here the amount of reactant is running out.

Only a small number of reactant molecules are reacting per second.

The reaction is slowing down.


Stage 3:

Here all of the reactant has been used up.

Because there is no reactant no more product forms

The reaction has stopped

2a Mean rate of reaction = quantity of product formed / time taken


Mean rate of reaction = 25g / 100s = 0.25 g / s

2b Mean rate of reaction = quantity of product formed / time taken


Mean rate of reaction = 100cm3 / 200s = 0.5 cm3 / s

3a Mean rate of reaction = quantity of reactant used / time taken


Mean rate of reaction = 6g / 18s = 0.33 g / s (to 2 significant figures)

3b Mean rate of reaction = quantity of reactant used / time taken


Mean rate of reaction = 80cm3 / 40s = 2 cm3 / s
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Mean Rate of a Chemical Reaction

4a To answer this question, first use the graph to work out the mass of calcium chloride produced 
in 30 seconds.


From the graph, we can see that 38g of calcium chloride was produced in 30 seconds.


Mean rate of reaction = quantity of product formed / time taken


Mean rate of reaction = 38g / 30s = 1.27 g / s (to 2 significant figures)

4b The point where the reaction is finished is where the line becomes horizontal (ie no more 
product is being made). From the graph, we can see that the line becomes horizontal at 60s. In 
the exam, if you are asked to determine when the reaction has finished from a graph, please be 
careful to be specific. Try to get as close to the horizontal point as possible. Many students 
lose marks by being approximate. There will be a range of possible answers but it won't be 
very broad so you do need to try to be specific.

5a First we need to calculate the number of moles of lithium produced.


You need to remember that the number of moles of an element is calculated using the equation 
below. This is part of the Quantitative Chemistry topic from Unit 1 which you are meant to 
recall.


Number of moles = mass / relative atomic mass


Number of moles = 21 / 7 = 3 moles.


Mean rate of reaction = quantity of product formed / time taken


Mean rate of reaction = 3 moles / 60s = 0.05 mol / s

5b First we need to calculate the number of moles of ethene produced.


You need to remember that the number of moles of a compound is calculated using the 
equation below. This is part of the Quantitative Chemistry topic from Unit 1 which you are 
meant to recall.


Number of moles = mass / relative formula mass


The relative formula mass of ethene is (12 x 2) + (1 x 4) = 28


Number of moles = 112 / 28 = 4 moles.


Mean rate of reaction = quantity of product formed / time taken


Mean rate of reaction = 4 moles / 40 = 0.1 mol / s
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Using Tangents to Determine Rate

1 With any chemical reaction, the slope of the line gives us an idea of the rate. Initially, the graph 
shows a steep slope, telling us that the rate is very rapid. This is because there is a large 
amount of reactant molecules available to form the product. However, after some time, the 
slope of the graph becomes less steep, telling us that the rate of the reaction is not as rapid. 
This is because some of the reactant has been used up. Because the rate is constantly 
changing, it can be difficult to see the rate at any point. To solve this, scientists draw a straight 
line to the curve. This is called a tangent.

2

3a

In the graph above, I have drawn the tangent at 30 seconds. Remember that the tangent 
should just touch the line at that point. I have then constructed a triangle from the tangent.


The horizontal part of the triangle runs from 7s to 54s giving us a value of 47s.

The vertical part of the triangle runs from 40cm3 to 100cm3 giving us a value of 60cm3.


The gradient is calculated by dividing y (the vertical) by x (the horizontal). In this case, 60 / 47 = 
1.28 cm3/s to 2 significant figures. Remember that in the exam, there will be marks for actually 
drawing the tangent. Also, there will be a range of possible answers (as each student will draw 
the tangent in a slightly different place).
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5

Using Tangents to Determine Rate

3b

In the graph above, I have drawn the tangent at 60 seconds.


The horizontal part of the triangle runs from 33s to 87s giving us a value of 54s.

The vertical part of the triangle runs from 80cm3 to 110cm3 giving us a value of 30cm3.


The gradient is calculated by dividing y (the vertical) by x (the horizontal). In this case, 30 / 54 = 
0.56 cm3/s to 2 significant figures.

3c As we have calculated, the rate at 30 seconds is greater than the rate at 60 seconds. This is 
because at 30 seconds, there is more reactant present. This means that more reactant 
molecules are converted to product molecules per second.


At 60 seconds, the reactant molecules are starting to run out. This means that fewer reactant 
molecules are converted to product molecules per second.

3d From question 3a, we saw that the rate of reaction was 1.28 cm3/s.


We saw in Chemistry 1 Quantitative Chemistry that the volume of one mole of any gas is 24 
dm3 at room temperature and pressure.


To calculate the rate of reaction in mol/s, we first need to convert the rate from cm3 to dm3. 
There are 1000 cm3 in a dm3 so we need to divide 1.28 by 1000.


1.28 / 1000 = 0.00128 dm3/s. 


To work out the number of moles, we now need to divide this by 24.


0.00128 / 24 = 0.000053 mol/s to 2 significant figures.

Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



6

Effect of Concentration of Reactants on Rate

1a For a reaction to take place, the reacting particles must collide with each other. If these have 
sufficient energy then the collision is successful and a reaction happens. The rate of the 
chemical reaction is determined by the frequency of successful collisions.

1b This is a really important difference. The frequency of successful collisions means the number 
of successful collisions per second. However the number of successful collisions does not 
refer to any time period so it could mean in a second, a minute, an hour, a day etc. 


It's really important when referring to successful collisions that you say frequency since that 
means per second. Some students say "number of successful collisions per second" and 
that's also fine.

2a The fastest reaction will be container B as that has the highest concentration (or pressure) of 
particles.


The next fastest is container C as that has a lower concentration (or pressure) than container B 
but a greater concentration (or pressure) than container A.


The slowest reaction will be container A as this has the lowest concentration (or pressure) of 
the three containers.

2b The first difference is the rate of reaction near the start. We can see from the slope of the two 
graphs that the higher concentration has a faster rate of reaction than the lower concentration 
(we can see this because it has a steeper slope). This is because there is a higher 
concentration of reactant particles which means that there is a greater frequency of successful 
collisions and therefore a greater rate of reaction.


The second difference between the two graphs is the final mass of product formed. We can 
see that we have a greater mass of product when we have a higher concentration of reactant. 
This is because we have a greater total number of reactant particles in the higher 
concentration than in the lower concentration. When these particles react, we will have a 
greater mass of product formed.
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7

Required Practical: Rates of Reaction

1a A hypothesis is a proposal which could explain a fact or an observation. A key idea in science 
is that a hypothesis must be testable.

1b The greater the concentration of reactants, the greater the rate of reaction. This is because 
there will be a greater frequency of successful collisions with a higher concentration of 
reactants than with a lower concentration of reactants.

2a In the reaction equation, we can see that one of the products is sulfur. Sulfur is a solid which 
forms tiny particles in the liquid. These tiny particles turn the liquid cloudy.

2b A measuring cylinder allows us to measure a volume of liquid with a high degree of accuracy. 
Because of this, a measuring cylinder is described as volumetric. 


If we tried to measure the volume of a liquid using a beaker (beakers are not volumetric) then 
our volume would only be approximate.

2c The main issue with the disappearing cross experiment is that the final result depends on 
whether you think you can still see the cross. If we allow students to make their own crosses 
(for example by drawing one on a piece of paper) then we cannot be certain that the crosses 
are all the same. For example one student may draw a small faint cross, whereas other 
students may draw a large thicker cross. By giving all the students an identical printed cross, 
we can reduce this variability. 

2d By swirling the conical flask we ensure that the reactants mix thoroughly. If we did not swirl, 
then the reactants may not mix and the reaction may be slower than it should be.

2e As we saw in question 2c, this method has a problem. The students judge the reaction by eye, 
deciding when they can no longer see the printed cross. Students with good eyesight may see 
the cross for longer than other students. This means that there will always be some variability 
in the results between different groups.


One way to reduce this is to ask all the students in a group to watch the cross and write down 
when they can no longer see it. We can then take a mean of all their results. This means that 
the final result does not depend on one person's eyesight.

2f Person looking at the cross: control variable.


Temperature of the solutions: control variable. Even though we do not take any action to keep 
this the same, it is a good idea to monitor the temperature to make sure that it does not 
change. We can do this with a thermometer.


Concentration of sodium thiosulfate solution: independent variable. This is what we change in 
our experiment.


Volume of hydrochloric acid: control variable: This is always kept at 10cm3.


Time for cross to no longer be visible: dependent variable. This is what we measure for each 
change in the independent variable.


Concentration of hydrochloric acid: Control variable. We do not change this between 
experiments.


Volume of sodium thiosulfate solution: Control variable.

3a Remember that we do not include anomalous results in a mean. In this case, we can see that 
repeat 3 is an anomalous result as it is very different to repeats 1 and 2. To calculate the mean, 
we add our numbers together and then press = on our calculator. Then we divide by the 
number of numbers.


48 + 44 = 92


92 / 2 = 46
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8

Required Practical: Rates of Reaction

3b We can see from the table that the student's results are repeatable. Remember that results are 
repeatable if the same investigator uses the same method and equipment and gets the same 
results.


The repeats are close together for each concentration of sodium thiosulfate solution. This tells 
us that the results are repeatable.


The only exception is for 0.15 mol/dm3 repeat number 3. This is much greater than the other 
values for that concentration. This is an anomalous result.

3c

3d The results show that as the concentration of sodium thiosulfate solution increases, the time 
taken for the cross to not be visible decreases (in other words the reaction gets faster). This 
agrees with our hypothesis.

4a

4b
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9

Required Practical: Rates of Reaction

4c

4d

In the graph above, I have drawn the tangent at 20 seconds.


The horizontal part of the triangle runs from 19s to 29s giving us a value of 20s.

The vertical part of the triangle runs from 20cm3 to 60cm3 giving us a value of 40cm3.


The gradient is calculated by dividing y (the vertical) by x (the horizontal). In this case, 40 / 20 = 
2.0 cm3/s.

The horizontal part of the triangle runs from 11s to 30s giving us a value of 19s.

The vertical part of the triangle runs from 40cm3 to 88cm3 giving us a value of 48cm3.


The gradient is calculated by dividing y (the vertical) by x (the horizontal). In this case, 48 / 19 = 
2.5 cm3/s.

4e Both of the experiments in this required practical show that the rate of reaction increases as 
the concentration of reactants increases. Because these two experiments involve different 
methods and different equipment and have produced the same results, we can say that the 
results are reproducible.
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Effect of Surface Area on the Rate of Reaction

1a

1b If we take a solid and break it into smaller pieces, we have a greater rate of reaction. This is because 
the smaller pieces have a greater surface area to volume ratio than the larger pieces. Because of 
this, the frequency of successful collisions is greater with the smaller pieces.

1c The final quantity of product will be same in both of the diagrams above because the total amount of 
calcium carbonate is the same in both cases.


In any reaction, the maximum amount of product is determined by the amount of reactant that is 
limiting. Question 1a states that the hydrochloric acid is the excess reactant. This means that the 
calcium carbonate must be the limiting reactant, so this determines the final quantity of product that 
can be made. As we can see from the above diagrams, the number of particles of calcium carbonate 
is the same in both cases, so the final amount of product must also be same. The difference is that 
the reaction shown on the right hand side will be faster as the calcium carbonate has a greater 
surface area to volume ratio.

2 This diagram represents line B on the graph. We can see that both 
this diagram and the diagram below have the same amount of 
calcium carbonate, so the final amount of product must be the same 
in both cases. Lines A and B both have the same amount of product. 
However, in the case of this diagram, the calcium carbonate is in one 
piece. This will have a smaller surface area than in the diagram below. 
Because of this, the reaction will be slower.

This diagram represents line A on the diagram. As discussed above, 
the amount of calcium carbonate is the same as the diagram above. 
However, in this diagram the calcium carbonate has a greater surface 
area and so will react faster. Line A shows a faster reaction than Line 
B.

This diagram represents line C on the graph. The amount of calcium 
carbonate is one third the amount of the other two diagrams so the 
final amount of product will be one third as much. Line C shows 
around one third the amount of final product of lines A or B.

3 If the total mass is the same, smaller pieces of solid will react faster than larger pieces. This is true 
as the smaller pieces will have a larger surface area than the larger pieces.


Smaller pieces of solid will have a smaller surface area than larger pieces. This is false. Smaller 
pieces of solid have a larger surface area than larger pieces.


If the mass is the same, smaller pieces of solid will produce more product than larger pieces. This is 
false. Because we have the same mass, we will have the same amount of product.


Smaller pieces of solid will have a greater frequency of collisions than larger pieces. This is true as 
smaller pieces of solid have a larger surface area than larger pieces.
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Effect of Surface Area on the Rate of Reaction

4a A gas syringe is more accurate for measuring the volume of a gas than using an upturned measuring 
cylinder. Firstly, reading a measuring cylinder upside down is difficult. Secondly, the bubbles can 
move rapidly, disturbing the level of the water, making it very difficult to read the volume.


Also, it is easier to carry out a repeat experiment using the gas syringe. If we want to repeat the 
experiment using the measuring cylinder, we need to refill the measuring cylinder with water and 
submerge it in the container. This is tricky to do.

4b When we use a measuring cylinder, the volume of carbon dioxide gas that we measure is often 
slightly less than if we use a gas syringe. 


This is because some of the carbon dioxide gas dissolves in the water.


This has appeared in an exam question. The question showed a graph of the amount of carbon 
dioxide produced by a reaction and the question stated that the amount was less than expected. 
Students were expected to suggest a reason. The answer was that some of the carbon dioxide 
dissolved in the water.

4c The cotton wool allows the carbon dioxide gas to escape from the reaction but stops any acid from 
splashing out. If any acid splashed out, the mass would fall more than it should.

4d In this experiment, we are monitoring the mass of gas that leaves the reaction. Gases have a low 
density so we would not expect to see a very large mass decrease. Because of this, we need a 
balance with a high resolution in order to detect the change in mass. If we used a balance which 
read to the nearest gram, we may not measure any mass change at all.

4e All three of these experiments could be too fast to measure accurately. One way to overcome this 
problem is to video the experiments (eg on a mobile phone) and then replay them at a slower speed.
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Effect of Temperature on the Rate of Reaction

1a The energy profile shows that the products of the reaction have less energy than the reactants. 
Because of this, energy must have been transferred to the surroundings. Therefore the reaction must 
be exothermic.

1b The activation energy is the minimum amount of energy that the particles need in order to react (in 
other words to collide successfully).

1c Particles in B. These particles have less energy than the activation energy. This means that these 
particles will not collide successfully and will not react (they will simply bounce off each other).


Particles in C. These particles have more energy than the activation energy. These particles will 
collide successfully and react.

2a To answer this question, you need to remember that the rate of reaction is proportional to the 
temperature.


Lowest temperature = A (this line shows the lowest rate of reaction).


Highest temperature = B (this line shows the highest rate of reaction).


Mid temperature = C (this line shows a reaction rate between A and B).

2b Apart from the activation energy, temperature also increases the rate of reaction because at higher 
temperatures, the frequency of collisions increases. This is because at higher temperatures, the 
particles are moving more rapidly and colliding more frequently.

Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



13

Catalysts

1a For a chemical reaction to occur, the particles must collide with a certain amount of energy. Scientists 
call this the activation energy. Catalysts increase the rate of chemical reactions by providing a 
different pathway with a lower activation energy barrier. This means that particles require less energy 
to collide successfully and react. Catalysts are not used up during the reaction and can be reused. By 
using a catalyst, we can make a reaction faster without increasing the temperature. This saves energy 
and money.

1b

2a In the equation, the iron catalyst is shown as a reactant (ie it is on the left hand side of the arrow). A 
catalyst is not a reactant (as it is not used up in a chemical reaction). Catalysts should be shown 
above the arrow.

2b Different chemical reactions require different catalysts so iron cannot be used as a catalyst in all 
chemical reactions.

2c Catalysts in living organisms are called enzymes.
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Reversible Reactions

1a

1b

2a In this reaction, we make the reaction move forward by heating it. Because we are putting energy in, the 
forward reaction must be endothermic.

2b When we add water to anhydrous copper sulfate, the temperature increases.


This is because when we add water, we are reversing the direction of the reaction (in other words we are 
making the reaction move backwards). The backwards reaction is exothermic (we know this because the 
forward reaction is endothermic) so when we add water, the reaction releases energy to the surroundings, 
which increase in temperature.

2c The forward reaction takes in the same amount of energy as the reverse reaction releases.


This is a really important idea. Remember that we cannot create energy so the energy taken in by the 
forward reaction must be the same as the energy released by the reverse reaction.

3 If we place the reactants for a reversible reaction into a sealed container, the reaction will move forward to 
produce the products. However, because the reaction is reversible, the reaction can also move 
backwards, to create the reactants. 


After some time, the rate of the forward reaction and the reverse reaction will be the same. Now the 
concentrations of the reactants and products will stop changing. This is called equilibrium.
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Concentration and Reversible Reactions

1 If we carry out a reversible reaction in a sealed container, none of the reactants or products can escape. The 
reaction has reached equilibrium. At this point, the rate of the forward reaction will be the same as the 
reverse reaction. Now the concentrations of reactants and products will not change.

2a Remember that Le Chatelier's principle states that if a system is at equilibrium and we make a change to the 
conditions, the system responds to counteract the change.


Increasing the concentration of ester: Position of the equilibrium shifts to the left. By shifting to the left, the 
concentration of ester will be reduced.


Decreasing the concentration of water. Position of the equilibrium shifts to the right. By shifting to the right, 
the concentration of water will be increased.


Increasing the concentration of alcohol. Position of the equilibrium shifts to the right. By shifting to the right, 
the concentration of the alcohol will be decreased.


Decreasing the concentration of carboxylic acid. Position of the equilibrium shifts to the left. By shifting to the 
left, the concentration of the carboxylic acid will be increased.

2b Adding extra N2O4 will shift the position of the 
equilibrium to the left. This will reduce the concentration 
of N2O4.


Removing N2O4 will shift the position of the equilibrium 
to the right. This will increase the concentration of 
N2O4.

Removing HCl will shift the position of the equilibrium 
to the right. This will increase the concentration of the 
HCl.


Adding extra Cl2 will shift the position of the equilibrium 
to the right. This will decrease the concentration of the 
Cl2.
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Temperature and Reversible Reactions

1a In this reaction, the product (ammonia) has less energy than the reactants (nitrogen and hydrogen). Energy 
must have been transferred from the reaction to the surroundings. This means that the reaction was 
exothermic.

1b Remember that Le Chatelier's principle states that if a system is at equilibrium and we make a change to 
the conditions, the system responds to counteract the change.


Increasing the temperature will shift the equilibrium to the left. The reaction will take in energy. This will 
cause the temperature to decrease.


Decreasing the temperature will shift the equilibrium to the right. The reaction will release energy. This 
will cause the temperature to increase.

2 In this case, the forward reaction must be endothermic. 


The scientist warmed the reaction (in other words increased the temperature) and the equilibrium shifted 
to the right hand side. This means that the forward direction must take in energy (ie decrease the 
temperature) and must therefore be endothermic.

3 Remember that the reaction shown is exothermic in the forward direction.


If we increase the reaction temperature, the position of the equilibrium will shift to the left (the reaction will 
take in energy and reduce the temperature). This means that the colour will become brown as the 
concentration of NO2 increases.


If we decrease the reaction temperature, the position of the equilibrium will shift to the right (the reaction 
will release energy and increase the temperature). This means that the colour of the reaction will become 
colourless as the concentration of N2O4 increases.
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Pressure and Reversible Reactions

1a The pressure of a gas is proportional to the number 
of gas particles in the container. 


In diagram A, we have five particles (each 
consisting of two atoms chemically bonded). This 
contains the greatest number of particles shown 
and will have the highest pressure. A good example 
of a chemical like this would be hydrogen (H2)


In diagram D, we have four particles (each 
consisting of three atoms chemically bonded). This 
has the second greatest number of particles shown 
and will have the second greatest pressure. A good 
example of a chemical like this would be water 
vapour (H2O).


In diagram B, we have three particles (each 
consisting of five atoms chemically bonded). This 
has the third greatest number of particles shown 
and will have the third greatest pressure. A good 
example of a chemical like this would be methane 
(CH4).


In diagram C, we have two particles (each 
consisting of single atoms). This has the lowest 
number of particles shown and will have the lowest 
pressure. A good example of a chemical like this 
would be helium (He).

1b If we increase the pressure, the equilibrium shifts to the side with the smaller number of particles.


If we decrease the pressure, the equilibrium shifts to the side with the larger number of particles.

2

In this reaction, if we increase the reaction pressure, the equilibrium shifts to the right hand side since this 
has a smaller number of particles than the left hand side. If we decrease the reaction pressure, the 
equilibrium shifts to the left hand side since this has a larger number of particles than the right hand side.

In this reaction, if we increase the reaction pressure, the equilibrium shifts to the right hand side since this 
has a smaller number of particles than the left hand side. If we decrease the reaction pressure, the 
equilibrium shifts to the left hand side since this has a larger number of particles than the right hand side.

In this reaction, there are the same number of particles on both the left hand side (2 particles) and the 
right hand side (2 particles). This means that increasing or decreasing the reaction pressure will have no 
effect on the position of the equilibrium.
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Crude Oil and Hydrocarbons

1 Products made from crude oil include: cosmetics, petrol and diesel, pharmaceuticals and 
plastics.

2 Crude oil is found in rocks. Crude oil is described as a finite resource. This means that if we 
keep using it, crude oil will one day run out. Crude oil is formed from the remains of plankton, 
which are tiny creatures found in the sea. These were buried in mud and formed crude oil over 
millions of years. Crude oil is a mixture of chemicals called hydrocarbons. These contain only 
the elements hydrogen and carbon.

3 Ethane is a hydrocarbon. This is because ethane only contains hydrogen and carbon atoms. 
Ethanol is not a hydrocarbon. Ethanol does contain carbon and hydrogen atoms. However, 
ethanol also contains an oxygen atom. Because of this, ethanol is not a hydrocarbon.

4a The general formula for alkanes is CnH2n+2. You need to make sure that you learn this and can 
use it.

4b Hexane. Number of carbon atoms = 6. Number of hydrogen atoms = 14 (which is (6 x 2) + 2). 
Formula = C6H14.


Nonane. Number of carbon atoms = 9. Number of hydrogen atoms = 20 (which is (9 x 2) + 2). 
Formula = C9H20.


Decane. Number of carbon atoms = 10. Number of hydrogen atoms = 22 (which is (10 x 2) + 
2). Formula = C10H22.


Dodecane. Number of carbon atoms = 12. Number of hydrogen atoms = 26 (which is (12 x 2) + 
2). Formula = C12H26.

5a The formula CH4 tells us that a molecule of methane contains one atom of carbon bonded to 
four atoms of hydrogen.

5b

5c Hydrogen has one electron in its outer energy level (shell). This energy level can hold a 
maximum of two electrons. This means that each hydrogen atom needs one more electron to 
achieve a full outer energy level. Because of this, hydrogen atoms only form one covalent 
bond.


Carbon atoms have four electrons in their outer energy level. This energy level can hold a 
maximum of eight electrons. This means that each carbon atom needs four more electrons to 
achieve a full outer energy level. Because of this, carbon atoms form four covalent bonds.
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Crude Oil and Hydrocarbons

6

7 The kind of chemical bonding found in hydrocarbons is covalent bonding. We saw this in 
question 5b. Remember that in covalent bonding, atoms share electrons in order to achieve a 
full outer energy level. In the diagram below, I have labelled two of the covalent bonds. 
However, remember that all of the bonds in hydrocarbons are covalent.


Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



21

Properties of Hydrocarbons

1a Methane, ethane, propane and butane cannot be used in a viscometer because they are all 
gases at room temperature.

1b Least viscous = C8H18

Medium viscosity = C15H32

Most viscous = C20H42 


The viscosity of hydrocarbons increases as the carbon chain length increases. The shortest 
chain length in the question is C8H18 so this will be the least viscous. The longest chain length 
is C20H42 so this will be the most viscous. C15H32  has a medium chain length, so this will have a 
viscosity between the other two.

2a Flammability tells us how easily a material burns (combusts).

2b As we increase the length of the hydrocarbon chain, the flammability decreases. Very short 
chain hydrocarbons are very flammable. Very long chain hydrocarbons are much less 
flammable.

3a Remember that in Science GCSE a line of best fit does not have to be a straight line. Also a 
line of best fit does not need to pass through every point. However, a line of best fit does need 
to be smooth.

3b From the graph, we can see that the boiling point of the alkane with 5 carbon atoms should be 
around +40oC. The actual value is +36oC.

3c Any alkane with a boiling point below 20oC will be a gas at room temperature. Methane, 
ethane, propane and butane are gases at room temperature.

3d As the number of carbon atoms in an alkane increases, the boiling point increases. This is 
because the strength of the intermolecular forces increases. The topic on intermolecular forces 
was covered in Chemistry 1 Structure and Bonding.
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Combustion of Hydrocarbons

1a When hydrocarbons are combusted, they are oxidised. This means that the carbon and 
hydrogen atoms react with oxygen atoms.

1b In complete combustion of hydrocarbons, carbon dioxide and water are produced.

2a C5H12    +    8O2                    5CO2     +     6H2O


C8H18    +    12.5O2                    8CO2     +     9H2O

2b We saw on page 5 that alkanes have the general formula CnH2n+2. From the formulas, we can 
see that both hydrocarbons follow this rule, so they are both alkanes.

3 methane     +     oxygen                      carbon dioxide     +      water


   CH4         +        2O2                                   CO2            +      2H2O


propane     +     oxygen                      carbon dioxide     +      water


   C3H8         +        5O2                                 3CO2          +       4H2O
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Fractional Distillation of Crude Oil

1 The following statements are true:


Crude oil is a mixture of molecules called hydrocarbons

Each hydrocarbon has a different boiling point

Longer chain hydrocarbons have a higher boiling point than shorter chains

2 Crude oil is separated by fractional distillation. The crude oil is separated into fractions 
containing a number of different hydrocarbons. Each hydrocarbon has a similar number of 
carbon atoms. Fractional distillation works because the boiling point of each hydrocarbon is 
different.

3a Hydrocarbon fractions that are used as fuels include refinery gases, petrol, kerosene, diesel 
and fuel oil.

3b Feedstock are chemicals which are used to make other chemicals. A number of the fractions 
from crude oil can be used as feedstocks for the chemical industry.

4 1 - Crude oil passes into a heater. All of the hydrocarbons evaporate.

2 - The hydrocarbons pass into a column which is hotter at the bottom than at the top.

3 - Very long chain hydrocarbons condense and are removed from the bottom of the column.

4 - The hydrocarbon gases make their way up the fractionating column.

5 - When each hydrocarbon reaches its boiling point it condenses back to a liquid.

6 - The liquid hydrocarbon is removed from the fractionating column.

7 - Shorter chain hydrocarbons continue moving up the column.

8 - Very short chain hydrocarbons are removed from the top as gases.

5a The bottom of the column is hot (because the hot hydrocarbon gases enter here) and the top 
of the column is cool.

5b

5c The bitumen fraction will contain hydrocarbons with the greatest number of carbon atoms. 
Remember that the boiling point of the hydrocarbon increases as the number of carbon atoms 
increases. Because the bitumen fraction has the highest boiling point, it must contain 
hydrocarbons with the greatest number of carbon atoms.

5d Very short chain hydrocarbons such as ethane have very low boiling points. The top of the 
fractionating column is not cool enough for these hydrocarbons to condense. This means that 
very short chain hydrocarbons are removed as gases.

5e Remember that each fraction contains a number of different hydrocarbons. This means that 
each fraction has a range of boiling points rather than a single specific boiling point. 

5f Dodecane will be found in the kerosene fraction as its boiling point (216oC) is between 
180oC-250oC.

5g C10H22      +      15.5 O2                               10 CO2        +           11 H2O
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Cracking

1a Number of carbon atoms = 3

Number of hydrogen atoms = 8

1b The general formula of alkanes (such as propane) is CnH2n+2. This tells us that we can work 
out the number of hydrogen atoms by doubling the number of carbon atoms and then adding 
two. In the case of propane, we have 3 carbon atoms. Doubling 3 and adding 2 gives us a 
value of 8 hydrogen atoms.

1c We find single covalent bonds between the carbon atoms in alkanes.

2a The reason that we crack long chain hydrocarbons is because long chain hydrocarbons are 
less flammable than short chain hydrocarbons.


This means that long chain hydrocarbons are not very useful as fuels. By cracking them, we 
convert them to short chain hydrocarbons. These are more flammable and are therefore more 
useful as fuels.

2b Catalytic cracking: high temperature and catalyst

Steam cracking: high temperature and steam 

2c The alkene molecules produced in cracking are used to make other molecules for example 
polymers (this is the example that you need to learn). 

2d Firstly, in an alkene molecule, there is at least one double covalent bond between carbon 
atoms. 


Secondly, alkenes do not have the general formula CnH2n+2. This is the general formula for 
alkanes. You will see the general formula for alkenes in the next chapter.

3a

3b Alkenes turn bromine water from orange to colourless. The first molecule and the last molecule 
are alkenes (as they have a double bond). These will turn bromine water from orange to 
colourless. The second and third molecules are alkanes and these will have no effect on 
bromine water.

4a

Please note that in this molecule, the position of the double bond is not important. We can 
place it between the first and second carbon atoms or the second and third carbon atoms 
(which I have done in the above diagram). However, remember that each carbon atom must 
have four covalent bonds.

4b Top example = C5H10


Middle example = C18H38


Bottom example = C20H42

4c Remember that the general formula for an alkane is CnH2n+2. In the case of C30H62, we can see 
that the number of hydrogen atoms is twice the number of carbon atoms plus two. This tells us 
that C30H62 is an alkane.

4d In this case, we have two molecules of the second product. Our starting molecule contains 40 
carbon atoms and 82 hydrogen atoms. 32 of the carbon atoms and 66 of the hydrogen atoms 
are in the first product. This means that the second product must contain 8 carbon atoms and 
16 hydrogen atoms. The equation shows that we have 2 molecules of the second product. 
Therefore the second product must have the formula C4H8. 
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Alkenes

1a

1b Methane has the molecular formula CH4. This tells us that methane only has a single carbon atom. 
Alkenes have a double covalent bond between two carbon atoms. Because methane only has a 
single carbon atom, there cannot be an alkene based on methane.

1c Ethene has 2 carbon atoms and 4 hydrogen atoms. This means that ethene has 2 hydrogen atoms 
for every carbon atom. Therefore the general formula of alkenes (including ethene) is CnH2n.

2a Propene (C3H6)

Butene (C4H8)

Pentene (C5H10)

2b The alkane propane has 3 carbon atoms and 8 hydrogen atoms. The alkene propene also has 3 
carbon atoms but it has 6 hydrogen atoms.


The alkane butane has 4 carbon atoms and 10 hydrogen atoms. The alkene butene also has 4 
carbon atoms but it has 8 hydrogen atoms.


The alkane pentane has 5 carbon atoms and 12 hydrogen atoms. The alkene pentene also has 5 
carbon atoms but it has 10 hydrogen atoms.


In all of these cases, you can see that the alkene has 2 fewer hydrogen atoms than the alkane with 
the same number of carbon atoms. This shows that the alkenes are unsaturated.
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Reactions of Alkenes 1

1 Alkene molecules all react in a similar way. This is because all alkene molecules have a double 
covalent bond between the carbon atoms. Scientists call the double bond the alkene functional 
group. The functional group is the part of the molecule that determines how the molecule reacts. All 
of the alkenes have the same functional group. Molecules that have the same functional group form 
a homologous series. All the molecules in a homologous series have one extra carbon atom and 
two extra atoms of hydrogen.

2 The functional group: Both propene and butene (and all of the alkenes) have the same functional 
group - the double bond.


The number of carbon and hydrogen atoms: We can see that butene has one more carbon atom and 
two more hydrogen atoms than propene.


For both of these reasons, both propene and butene are part of the alkene homologous series.

3a C4H8          +          4 O2                                  2 CO2          +          4 H2O          +         2 C

3b We looked at combustion on page 8. We saw that when alkanes combust, they produce carbon 
dioxide and water. This is called complete combustion.


However, when alkenes combust, they often undergo incomplete combustion. This means that as 
well as carbon dioxide and water, carbon particles are also produced. Carbon particles make the 
flame appear smoky. 

4a

4b Reacting alkenes with hydrogen is called hydrogenation. The conditions for this reaction are using a 
nickel catalyst and a temperature of around 150oC.

4c

4d When an alkene is reacted with hydrogen, an alkane is produced.
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Reactions of Alkenes 2

1a The correct definition of a homologous series is: molecules with the same functional group but with 
an additional carbon atom and two hydrogen atoms.

1b All of the alkenes have the same functional group (the double covalent bond between two carbon 
atoms). The functional group determines how a molecule reacts. Because the alkenes all have the 
same functional group, they all react in a similar way.

2a The product in the reaction shown is the alcohol ethanol.

2b The conditions for this reaction are 300oC and 70 atmospheres pressure. The catalyst is phosphoric 
acid.

2c Reacting alkenes with steam is called hydration (essentially we are adding a water molecule to the 
alkene molecule to make an alcohol).

2d To increase the yield of the reaction, scientists remove the alcohol produced and then pass any 
unreacted reactants back across the catalyst so that they can react.

2e

2f Le Chatelier's principle states that if a system is at equilibrium and a change is made to the 
conditions, then the system responds to counteract the change. In the hydration reaction, we have 
two reactant molecules (the alkene and the water) and one product molecule (the alcohol). All of the 
molecules are gases. Remember that if we increase the pressure of the system, the position of the 
equilibrium will shift to the side with the smaller number of molecules. In this case, that means that if 
we increase the pressure, the position of the equilibrium shifts to the right (ie we make more 
product). 

3a

3b+
c
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Alcohols

1a Three uses of alcohols are fuels, solvents and in alcoholic drinks (ethanol).

1b

1c Remember that in the structural formula, we show each carbon atom and the atoms they are 
attached to.


Ethanol = CH3CH2OH              Propanol = CH3CH2CH2OH

1d The displayed formula shows every atom and all of the covalent bonds. 


1e To be part of a homologous series, molecules must have the same functional group. They must also 
differ by an extra carbon atom and two extra hydrogen atoms.


If we look at ethanol and propanol in question 1c, we can see that they are both part of the alcohol 
homologous series. Both ethanol and propanol have the alcohol functional group. Also, we can see 
that propanol has one extra carbon atom and two extra hydrogen atoms compared to ethanol.

2a Anaerobic conditions mean that the reaction takes place without any oxygen present.

2b
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Reactions of Alcohols

1a Universal indicator will turn green if it is placed in a solution of alcohol in water. That is because 
when alcohols dissolve in water, they produce a neutral solution (pH7).

1b

Remember that the alcohols are less soluble as the number of carbon atoms increases. Butanol has 
four carbon atoms so is less soluble than methanol which has one carbon atom.

2a When we add sodium to an alcohol, hydrogen gas is produced. This means that we will see 
effervescence. We will also see the sodium disappear as it reacts with the alcohol.

2b

3a Oxidising butanol will produce the carboxylic acid butanoic acid. This has the structural formula 
CH3CH2CH2COOH

3b The carboxylic acid produced is propanoic acid. This is produced by oxidised propanol. Propanol 
has the structural formula CH3CH2CH2OH

4 When balancing combustion equations, start with the carbon and hydrogen atoms first. Then go 
back and balance the oxygen. Remember that alcohol molecules already contain one oxygen atom.

C2H5OH       +       3 O2                               2 CO2       +       3 H2O


C4H9OH       +       6 O2                               4 CO2       +       5 H2O
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Carboxylic Acids

1a Methanoic acid is produced from the alcohol methanol.

1b Oxidising the alcohol hexanol will produce the carboxylic acid hexanoic acid.

2a

2b Remember that with a structural formula, we show the atoms attached to each carbon atom but we 
do not draw the covalent bonds. We always start with the leftmost carbon atom.


Methanoic acid = HCOOH


Ethanoic acid = CH3COOH


Propanoic acid = CH3CH2COOH

2c Remember that members of a homologous series all have to have the same functional group. They 
also differ by an additional carbon atom and two hydrogen atoms. Looking at the structural formula 
of the first three carboxylic acids, we can see that they all have the carboxylic acid functional group 
and all differ by an additional carbon atom and two hydrogen atoms.

2d

3a Carboxylic acids are weak acids as they only partially ionise in aqueous solution. As you can see 
from the equation, when weak acids ionise, this is a reversible reaction. This means that only a 
fraction of the carboxylic acid molecules will have ionised. In contrast, a strong acid such as 
hydrochloric acid will fully ionise.

3b The pH value gives us an idea of the concentration of H+ ions, with lower pH values having a higher 
H+ concentration. Because carboxylic acids are weak acids, they have a relatively low concentration 
of H+ which means that they have a relatively high pH value compared to strong acids.


Please remember that the pH value is also affected by the concentration of the acid so if we are 
comparing a weak acid with a strong acid, we need to make sure that they are the same 
concentration.
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Carboxylic Acids

4a

4b propanoic acid + sodium carbonate                        sodium propanoate + carbon dioxide + water


ethanoic acid + calcium carbonate                        calcium ethanoate + carbon dioxide + water


butanoic acid + potassium carbonate                    potassium butanoate + carbon dioxide + water

5a Esters often have a pleasant smell which makes them useful in the food industry.

5b The ester produced in the reaction shown is called ethyl ethanoate. It is very important that you learn 
the name of this ester as this is the only ester than the specification requires you to learn.

5c A catalyst increases the rate of a chemical reaction by providing a different pathway with a lower 
activation energy. Catalysts are not used up in a chemical reaction.

5d Le Chatelier's principle states that if a system is at equilibrium and a change is made to the 
conditions, then the system responds to counteract the change. We can force the position of the 
equilibrium to the right (products) by removing the product as it forms (which means that the system 
will make more product) or by increasing the concentration of the reactants (again the system makes 
more product thereby lowering the concentration of the reactant). 
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Addition Polymers

1a Monomer = ethene

Polymer = (poly)ethene

1b There are two ways that this reaction shows the formation of an addition polymer. Firstly, addition 
polymers are made using alkene monomers (such as ethene). Secondly, in addition polymerisation, 
the polymer is the only product (which is the case in this reaction).

1c Repeating structure 1 = incorrect. Remember that the repeating structure does not contain a double 
bond between the two carbon atoms that form the main polymer chain.


Repeating structure 2 = incorrect. In this structure, we have a bromine atom which is not found in 
either the monomer or the polymer.


Repeating structure 3 = correct.

1d The value of n tells us the number of repeating structures present in the polymer (in the case of 
addition polymers this is the same as the number of monomers). In this case, because we have 
started with 4 monomers, the value of n = 4.

1e The relative formula mass of the polymer shown in the diagram is 112. Each carbon atom has a 
relative atomic mass of 12 and there are 8 carbon atoms. Each hydrogen atom has a relative atomic 
mass of 1 and there are 16 hydrogen atoms.


The relative formula mass of ethene is 28 (two carbon atoms each with a relative atomic mass of 12 
and four hydrogen atoms each with a relative atomic mass of 1). However, we have 4 ethene 
molecules so the total relative formula mass of reactants is 112.


(112/112) x 100 = 100% atom economy


We can tell that the atom economy must be 100% because there are no waste products in this 
reaction.

2a

In the case of the repeating unit, we could have written n as 4, since the diagram shows that the 
polymer contains 4 repeating units. However, I have simply written n. This is because polymers are 
always much bigger than shown in the diagram.

2b

3
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Condensation Polymers

1 Addition polymers:


Only the polymer is formed

The monomer is always an alkene


Condensation polymers:


These can be made with two monomers

The polymer and water are formed

2a

2b The ester has the following structure:


The reaction also makes a molecule of water:


3a

3b

Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



34

Amino Acids

1a

1b

Notice that in the above reaction, we have made two molecules of water. That's because two 
condensation reactions took place (one between the first and second glycine molecule and one 
between the second and third glycine molecule).

1c We know that this is a condensation polymer as we have made water molecules, as well as the 
polymer molecule.

1d The repeating structure shows the amino acid in the polymer. Remember that when the polymer 
forms, the condensation reaction means that a molecule of water is removed. A water molecule 
consists of one oxygen atom and two hydrogen atoms. Therefore, the amino acid has one oxygen 
atom and two hydrogen atoms more than the repeating structure.

2a

2b This reaction will form two water molecules. I have shown where these come from in the diagram 
below.


2c The polymer formed between glycine and alanine will be classed as a protein as it contains different 
amino acids polymerised together. 


However, the polymer formed in question 1b is formed only from glycine molecules. This means that 
we call it a polypeptide rather than a protein.
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DNA

1 DNA is a polymer found in living organisms. We find DNA in animals, plants, fungi, bacteria and 
viruses. DNA encodes the genetic instructions that are needed by living organisms to develop and 
function. DNA consists of two polymer strands wound around each other.

2a The monomers in DNA are called nucleotides.

2b Four different monomers are used to make a DNA molecule.

2c The structure that DNA forms is called the Double Helix.

3
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Chemical Analysis

Chemistry Paper 2 
Triple
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Purity and Formulations

1 Sea water is a mixture (it contains lots of different salts and gases dissolved in water).


Carbon dioxide is a pure substance (because it is a compound).


Ethane is a pure substance (because it is a compound).


The atmosphere is a mixture (it contains a range of different gases included pollutants).


Alloys are mixtures (they contain a metal blended with other elements).


Oxygen is a pure substance (because it is an element).

2a The first horizontal line shows us the point where the iodine is melting. This has a melting point 
around 115oC.


The second horizontal line shows us the point where the iodine is boiling. This has a boiling 
point around 185oC.

2b The graph shows us that this is a pure sample of iodine. We know that because both the 
melting point and boiling point take place at single, fixed temperatures.

2c The graph shows that the sample of water is not pure. We can tell that because both the 
melting point and boiling point cover a range of temperatures.

3a A formulation is a mixture where each part is carefully selected and measured so that the 
formulation has the properties that we need. 

3b Formulations include fuels, cleaning products, paints, medicines, alloys, fertilisers and foods.
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Paper Chromatography

1a From the diagram, we can see that in this case the solvent is water.


Remember that in paper chromatography, we can use a number of different solvents.

1b The solvent is called the mobile phase because it moves up the paper.

1c The paper is the stationary phase since the paper does not move.

2 The starting line is drawn in pencil because if it was drawn in pen, the pen ink could dissolve in 
the solvent and move up the paper. Pencil is insoluble and will not move up the paper.

3a The pen ink contains colours B and C. We can tell that because the spots in the pen ink line up 
with the spots in colours B and C.

3b Colours A is not present in the pen ink. We know that because the spot for colour A does not 
line up with any of the spots in the pen ink.

3c We can see from the diagram that the pen contains a colour with a spot running near the top of 
the paper. This does not line up with any of the known colours so we cannot tell what colour 
this is.

3d Of colours A, B and C, colour B was least attracted to the stationary phase (ie the paper). We 
know this because of the three colours, colour B moved the furthest up the paper.

4a To calculate the Rf value, we need to know the distance moved by the substance and the 
distance moved by the solvent. 


To measure the distance moved by the substance, we measure from the pencil line to the 
vertical centre of the spot as shown below.


From the diagram we can see that the distance moved by the substance is 54 mm and the 
distance moved by the solvent is 58 mm. Putting this into the equation gives us an Rf value of 
54 / 58 = 0.93 to 2 significant figures. Remember that the Rf value cannot be greater than 1.

4b Sometimes two different substances will run the same distance in a given solvent (which 
means that they have the same Rf value in that solvent). To solve this problem, we can use a 
different solvent. The substances may now run to different distances and have different Rf 
values, allowing us to identify them.
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Required Practical: Paper Chromatography

1 We are going to place our colours onto the pencil spots. If the spots are too close together, 
then the colours can merge together when they run up the paper. This prevents them from 
running normally.

2a A capillary tube is a very fine glass tube.

2b As we saw in question 1, if the spots of colour are too close together, they can run into each 
other as they move up the paper. This can also happen if the colour spots are too large. By 
keeping the spots as small as we can, we prevent them from running into each other.

3 The water is the solvent. This will dissolve the different colours.

4a The lid prevents the water from evaporating while the colours are running. If the water 
evaporates, this can cause the colours to run more or less than they should. This means that 
their Rf values will not be accurate.

4b If the paper touches the side walls of the beaker, this can interfere with the way that the water 
moves up the paper. For example, the water near the edges of the paper may move faster than 
the water in the centre. For this reason, we need to make sure that the paper does not touch 
the side walls of the beaker.

4c If we move the beaker during the experiment, then we run the risk that the water will wash the 
coloured spots off the paper before they have a chance to move. Once we have placed the 
paper into the beaker, we need to make sure that we do not move it.

5a The mix contains three colours. Two of the spots line up with the known colours (ie colours B 
and D) so we know that the mix contains these colours. However, we cannot identify the top 
spot in the mix as this does not line up with any of the known colours. Also, we can see that 
the mix does not contain any of colour A or colour C as there is no spot in the mix lining up 
with the spots in colours A or C.

5b From the diagram, we can see that the vertical centre of the spot has run a distance of 21 mm 
from the pencil line and the solvent has run a distance of 58 mm. To calculate the Rf value, we 
divide the distance moved by the substance (21 mm) by the distance moved by the solvent (58 
mm). This gives us a value of 21 / 58 = 0.36 (to 2 significant figures).

5c Sometimes we might find that our mix contains two chemicals with the same (or very similar) 
Rf values. These two chemicals will run up the paper at the same speed. To solve this problem, 
we would need to repeat the experiment using a different solvent. The two chemicals may not 
run at the same speed in the new solvent, allowing us to identify them.


Sometimes our mix may contain a chemical which has never been analysed before. This 
means that the Rf value of the chemical will not be on any database so we cannot look it up. In 
this case, we would need to use another method to identify that chemical.
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Testing for Gases

1a If hydrogen gas is present, we will hear a squeaky pop.

1b 2H2 (g)          +          O2 (g)                    2H2O (l)

1c The small letters are called state symbols. "g" tells us that the chemical is a gas and "l" tells us 
that the chemical is a liquid. There are two other state symbols: "s" tells us that the chemical is 
a solid and "aq" tells us that the chemical is dissolved in water.

2 If oxygen is present then a glowing splint will relight.

3a Ca(OH)2  (aq)

3b If the gas is carbon dioxide, then the limewater will turn milky (cloudy).

4 Chlorine gas bleaches damp litmus paper (in other words turns it white).

5
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Flame Tests

1a To carry out a flame test, we can use a metal loop attached to a wooden handle. We dip the 
loop into our metal compound and then place the loop into a blue Bunsen burner flame. The 
colour of the flame can be used to identify the metal ion present. 


Remember that flame tests can only be used to determine the identity of a metal ion (eg in a 
metal compound). Flame tests do not work on metals as elements or on non-metals.

1b

1c LiNO3 contains the lithium ion. This will produce a crimson flame test.


CaF2 contains the calcium ion. This will produce an orange-red flame test.


CuCl2 contains the copper ion. This will produce a green flame test.


K2O contains the potassium ion. This will produce a lilac flame test.


Na2SO4 contains the sodium ion. This will produce a yellow flame test.

1d Flame tests are a rapid and easy way to identify metal ions. However, there are two problems 
with flame tests. Firstly, they have a low sensitivity. In other words it can be very difficult to 
determine the colour of the flame by eye. This is especially the case when the metal ion is 
present in a very low concentration. Secondly, flame tests cannot be used to determine the 
metal ions present in a mixture.

2a The spectrum shows that the mixture contains metal ion A and metal ion B. We can tell this as 
the spectrum contains lines from the spectra of these two metal ions. We can also see that 
metal ion C is not present in the mix. This is because the spectrum from the mix contains none 
of the lines present in the spectrum from metal ion C.

2b This spectrum shows metal ion C but at a very low concentration. We can tell that because the 
lines are extremely faint (in other words they have a low intensity). With flame emission 
spectroscopy, the intensity of the lines tells us the concentration of the metal ion.

2c Instrumental techniques involve using a machine to analyse a substance (rather than flame 
tests, which use a human). 


Instrumental techniques are very rapid. They are also very sensitive (they work with tiny 
amounts of sample). They are also more accurate (in other words they give us the correct 
identity of a substance unlike flame tests which can be difficult to determine the colour of).

Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



42

Metal Hydroxide Precipitates

1a

1b

1c

1d
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Identifying non-metal ions

1a

1b We can use any acid in this test. That's because metal carbonates will react with any acid to 
produce carbon dioxide gas (we saw this in Chemistry 1 Chemical Changes).

1c In this reaction, we are looking for effervescence (fizzing). However, the carbonate ion is not the 
only chemical which produces effervescence when reacted with an acid. For example, if we 
react a metal with an acid, we also see effervescence (in this case hydrogen gas is produced). 
Therefore, in order to prove that we have the carbonate ion, we have to prove that any gas 
produced is carbon dioxide.

2a

2b In this reaction, we are testing for halide ions. Hydrochloric acid contains the chloride ion (Cl  ). 
This means that if we used hydrochloric acid in the first stage, the chloride ions present would 
react with the silver nitrate solution to form a white precipitate. So in other words, we would 
always get a positive result for the chloride ion, because we would have added the chloride ion 
in the first stage. 


To avoid this, we use nitric acid. This does not contain any halide ion. 


As well as hydrochloric acid, we also cannot use sulfuric acid in the first stage. That's because 
silver nitrate will also produce a precipitate with sulfuric acid.

2c When the chloride ion reacts with silver nitrate, we make silver chloride which is the white 
precipitate.

3a

3b In the test for the sulfate ion, we add hydrochloric acid in the first stage. We cannot use sulfuric 
acid as this contains the sulfate ion. If we used sulfuric acid in the first stage we would always 
get a positive test for the sulfate ion even if it was not present in the test sample.
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Required Practical: Identifying Ions

1a The potassium ion will produce a lilac flame test.

1b To test for the carbonate ion, first add any acid. If effervescence occurs, collect the gas 
produced. Bubble the gas through limewater. If the limewater turns milky/cloudy, then the gas 
is carbon dioxide and our sample contained the carbonate ion.

2a There is no flame test for the magnesium ion. To test for the magnesium ion, we add dilute 
sodium hydroxide solution. The magnesium ion will produce a white precipitate.


However, both the calcium ion and the aluminium ion will also produce a white precipitate with 
sodium hydroxide solution. To check that we do not have the aluminium ion, we add excess 
sodium hydroxide solution. If we had the aluminium ion, then the precipitate would redissolve.


To check that we do not have the calcium ion, we can carry out a flame test. The calcium ion 
will produce an orange-red flame.

2b To test for the chloride ion, we add dilute nitric acid followed by silver nitrate solution. The 
chloride ion will produce a white precipitate.

3a To test for the copper (II) ion, we add dilute sodium hydroxide solution. This will produce a blue 
precipitate with the copper (II) ion. 


Alternatively, we can carry out a flame test. Copper ions produce a green flame test.

3b To test for the sulfate ion, we add dilute hydrochloric acid followed by barium chloride solution. 
If the sulfate ion is present, we will see a white precipitate.

4 To test for the aluminium ion, we add sodium hydroxide solution. The aluminium ion will 
produce a white precipitate. If we add excess sodium hydroxide solution, the white precipitate 
will redissolve.


To test for the iodide ion, we add dilute nitric acid followed by silver nitrate solution. The iodide 
ion will produce a yellow precipitate.

5 A yellow flame test tells us that the compound contains the sodium ion.


A cream precipitate with nitric acid and silver nitrate solution tells us that the compound 
contains the bromide ion.


Compound = sodium bromide.

6 A brown precipitate with sodium hydroxide solution tells us that the compound contains the 
iron (III) ion.


A white precipitate with hydrochloric acid and barium chloride solution tells us that the 
compound contains the sulfate ion.


Compound = iron (III) sulfate.

7 A crimson flame tells us that the compound contains the lithium ion.


A yellow precipitate with nitric acid and silver nitrate solution tells us that the compound 
contains the iodide ion.


Compound = lithium iodide.

8 To test for the calcium ion, we carry out a flame test. The calcium ion produces an orange-red 
flame.


To test for the carbonate ion, first add any acid. If effervescence occurs, collect the gas 
produced. Bubble the gas through limewater. If the limewater turns milky/cloudy, then the gas 
is carbon dioxide and our sample contained the carbonate ion.
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The Atmosphere

1a

1b The noble gases are found in group 0 of the periodic table.

1c The "other gases" in the atmosphere include carbon dioxide and water vapour plus a whole 
range of gases such as pollutants.

2a The Earth is around 4600 million years old. Because this is a huge amount of time, scientists 
cannot be absolutely certain of the gases in the early atmosphere. 

2b 1. The early atmosphere is thought to have contained a huge percentage of carbon dioxide. 
However, the current atmosphere contains a very small percentage of carbon dioxide.


2. The early atmosphere is thought to have contained little or no oxygen. However, oxygen 
forms around 21% of the current atmosphere.


3. The early atmosphere is thought to have contained only a very small percentage of nitrogen. 
However, the current atmosphere contains around 78% nitrogen.

2c Firstly, volcanoes released a large amount of nitrogen and this continued for a very long time, 
leading to the current level of nitrogen in the atmosphere.


Secondly, volcanoes also released small amounts of methane and ammonia.

2d As we saw above, scientists think that the Earth's early atmosphere contained a large amount 
of carbon dioxide and little or no oxygen. This would make it very similar to the atmospheres of 
Mars and Venus today. The atmospheres of these planets also contain large amounts of 
carbon dioxide and little or no oxygen.

3 • Volcanoes released large amounts of carbon dioxide and water vapour.

• As the Earth cooled, the water vapour condensed to form the oceans.

• Some carbon dioxide dissolved in the oceans forming a weak acid.

• The weak acid reacted with minerals in the oceans forming a solid precipitate (a precipitate 

is a solid which forms out of a solution).

• The solid precipitate settled on the sea bed forming layers of sediment (a sediment is simply 

a layer of fine solid particles).

• Some of the carbon dioxide in the sea formed the shells of animals such as mussels.

• When sea animals die, they formed the sedimentary rock limestone.

• Algae evolved and used photosynthesis to take in carbon dioxide.

• When algae died, the carbon was trapped underground as fossil fuels.

4a Scientists think that algae first evolved around 2.7 billion years ago.

4b 6CO2          +          6H2O                         C6H12O6          +          6O2

4c When photosynthetic algae and photosynthetic plants evolved, they carried out 
photosynthesis. As you can see from the equation, photosynthesis produces oxygen gas. 
Animals need oxygen gas to release energy by aerobic respiration. So the evolution of 
photosynthetic algae and plants created the oxygen atmosphere needed for the evolution of 
animals.
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Fossil Fuels

1a The carbon is part of the carbon dioxide taken in by plants during photosynthesis.

1b A non-renewable resource is one that is not replenished (replaced) at the same rate as it is 
being used. Fossil fuels are non-renewable. That's because humans are using fossil fuels at a 
much faster rate than they can ever be formed. This means that if we continue using fossil 
fuels at the same rate, they will run out.

2a The conditions in marshy wetlands are: Acidic and No oxygen.

2b When plant and animal remains decompose, they are broken down by bacteria which convert 
the carbon in the remains back to carbon dioxide. However, to do this the bacteria require 
oxygen.


In marshy wetlands, there is little or no oxygen so any bacteria present cannot decompose the 
plant remains. Also the bacteria cannot survive in the acidic conditions. So for these reasons, 
plant remains do not decompose in marshy wetlands.

2c Over time, the plant remains are compressed by layers of fine solid particles called sediment. 
High pressure and high temperatures then convert the plant remains to coal (over many 
millions of years).

3a The starting material for coal consists of ferns and plants which are found on land. However, 
the starting material for oil consists of plankton. Plankton are tiny plants and animals found in 
the sea. When these die, they settle in mud on the sea bed and over time they form oil.

3b The mud on the sea bed contains no oxygen. As we saw before, any bacteria present need 
oxygen to decompose dead remains. Because there is no oxygen, any bacteria cannot 
decompose the remains of the plankton. This allows the remains to form oil.

4 Natural gas is formed from plankton in a similar way to oil. This means that we often find 
natural gas near oil deposits,
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The Greenhouse Effect

1a The three main greenhouse gases are:


Carbon dioxide (which is present in 0.04%)

Methane (which is present in very small amounts)

Water vapour (the amount of water vapour in the atmosphere changes depending on the 
temperature)

1b

1c Short wavelength radiation = Ultraviolet and visible light


Long wavelength radiation = Infrared

1d As we saw in question 1b, the surface of the earth emits long wavelength radiation (infrared). 
As this passes through the atmosphere, it interacts with the greenhouse gases. The energy 
from the infrared radiation is absorbed by the greenhouse gases and this increases the 
temperature of the atmosphere. 

1e Without the greenhouse effect, the temperature of the atmosphere would be much colder and 
most living organisms would not be able to survive. Because of the greenhouse effect, the 
temperature of the atmosphere is high enough to allow the Earth to support a massive range of 
living organisms.

Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



49

Climate Change

1a Humans burn a lot of fossil fuels to provide energy (for example coal for electricity; petrol and 
diesel for transport, and gas for heating). Burning fossil fuels releases a great deal of carbon 
dioxide which is a greenhouse gas.


Humans also carry out deforestation, for example to provide land for cattle such as cows to 
graze on. Normally, growing forests absorb carbon dioxide by photosynthesis. By chopping 
down trees, we reduce the amount of carbon dioxide taken out of the atmosphere. Also, in 
many cases, forests are simply cleared by burning. Burning trees releases the carbon trapped 
in the wood back to carbon dioxide.

1b Methane is released by agriculture in two main ways. Firstly, methane is released from flooded 
paddy fields (used to grow rice). Secondly, cattle such as cows release a great deal of methane 
when they pass wind.

1c Global ice and sea levels: climate change is causing glaciers and polar ice sheets to melt. This 
is causing the sea level to rise and this can lead to flooding of low-lying areas.


Weather: climate change is making weather more severe for example increasing storms in the 
UK and increasing heat-waves around the world.


Insects: climate change may cause insects to change their distribution (in other words move 
from one region to another). In some cases, these insects could transmit diseases (for example 
mosquitoes carry the pathogen for malaria).

2 Many scientists believe that climate change is caused by the release of greenhouse gases by 
human activities. Scientists share their evidence with other scientists who can criticise the 
data and decide whether it is valid. This process is called peer-review. This can be used to 
detect data which may show bias. One of the problems with climate change is that it is 
complex and difficult to model. This means that media reports about climate change can be 
biased or over-simplified. Another problem is that scientists cannot be certain about how 
much the temperature of the atmosphere will increase. This has led to wild speculation in the 
media. Scientists must work harder to educate the public about the issues around climate 
change.
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Carbon Footprint

1a The carbon footprint is the total amount of carbon dioxide and other greenhouse gases 
emitted over the full lifecycle of a product, service or event. We can use this to find ways to 
reduce climate change.

1b

1c There are two ways that we can reduce our carbon footprint due to electricity. First, we can 
switch to low-energy appliances for example low-energy light bulbs. Secondly, we can turn off 
our electrical appliances (such as TVs) at the plug rather than leaving them on standby. 
Electrical appliances use electricity when they are left on standby.

1d Trapping the methane from landfills and burning it to produce electricity means that we need to 
use less electricity from fossil fuels. Also, by burning the methane, we produce carbon dioxide. 
We know that carbon dioxide is a greenhouse gas. However, methane is a much more powerful 
greenhouse gas than carbon dioxide. So releasing carbon dioxide actually contributes less to 
the greenhouse effect than releasing methane.

1e People may not be willing to reduce their carbon footprint for two reasons. Firstly, it can be 
expensive. For example replacing power stations that burn fossil fuels with renewable power 
systems does cost money and may lead to an increase in energy bills. Secondly, it can be 
inconvenient. For example using a car can be easier and quicker than using public transport.
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Pollutants from Fuels

1a

1b The word oxidised means "reacted with oxygen". From the equation, we can see that the 
carbon atom in methane has reacted with oxygen to form carbon dioxide and the hydrogen 
atoms in methane have reacted with oxygen to produce water.

1c We can tell that the reaction above is complete combustion because carbon dioxide has been 
produced in the reaction.

1d Carbon monoxide is a highly toxic gas (in the exam you must say toxic, rather than harmful). 
Also carbon monoxide has no smell so it is hard to detect. This makes carbon monoxide 
extremely dangerous.

2a Sulfur dioxide is formed when the sulfur in fossil fuels such as coal reacts with oxygen in the 
air. 


Oxides of nitrogen are formed when oxygen and nitrogen in the air react together due to the 
heat inside an engine (for example a car engine).

2b Acid rain can damage trees. It can also corrode buildings made from limestone.

3a Global dimming is when carbon particles in the atmosphere reduce the amount of sunlight 
reaching the surface of the Earth. Global dimming may affect rainfall patterns.

3b Particles of carbon increase the risk of heart disease and lung disease in humans.
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Using the Earth's Resources

1 Humans use resources to provide warmth for example burning wood or fossil fuels. 
Resources are also used to grow crops or raise animals for food. Homes, factories and offices 
are built from wood, concrete, glass and bricks. These provide us with shelter. Lastly, many 
different resources are used to build and to power cars, airplanes and trains. These provide us 
with transport.

2a Materials for clothing: lots of clothing materials come from natural resources. For example, 
cotton is produced from cotton plants which are farmed. Silk is produced from moths which 
are also farmed.


Fuels: wood from forests can be used as a fuel to provide warmth or generate electricity.

2b Natural rubber is produced from the rubber tree, which is grown on plantations. However, 
demand for rubber was greater than the supply. Chemists discovered how to make synthetic 
rubber from crude oil.

2c Finite resources cannot be replaced as quickly as they are being used. A good example are 
fossil fuels. These take millions of years to form but we are using large amounts every day. 
Metals are also finite as new metal is not formed in the Earth's crust. If we continue using them 
then finite resources will one day run out.


Renewable resources can be replaced as quickly as we use them. For example, we can always 
grow new trees to replace the ones that we cut down for wood.

2d Aluminium - finite. This is a metal and metals are not being formed in the Earth's crust.


Fish - renewable. Provided that we do not overfish, fish stocks can replace those that are 
removed from the sea.


Wood - renewable. We can always plant new trees to replace the trees that we cut down.


Olive oil - renewable. Olive oil is a farmed product produced from olives which grow on trees. 


Crude oil - finite. Crude oil is a fossil fuel. Fossil fuels take millions of years to form but are 
being used at a very rapid rate.


Cocoa beans -  renewable. Cocoa beans are a farmed product produced from plants.


Coal - finite. Like crude oil, coal is a fossil fuel.

2e To be sustainable, humans must be able to satisfy their needs in a way that does not prevent 
future generations from satisfying their needs.
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Potable Water

1 Statement 1: True. Drinking (potable) water can have low levels of dissolved salts eg sodium 
chloride.


Statement 2: False. Drinking water should contain no microbes.


Statement 3: True. Potable water is water that is safe to drink.


Statement 4: False. Pure water must have no dissolved substances at all.


Statement 5: False. Potable water is not the same as pure water as potable water can have low 
levels of dissolved salts. We can drink pure water but potable water does not have to be pure.

2a Rain water contains low levels of dissolved substances. Scientists call this fresh water. This is 
ideal for making potable water. Remember though that we need to process rainwater to make 
it potable (ie safe to drink).

2b Sources of fresh water in the UK: Rivers, lakes, underground sources (aquifers), reservoirs 
(made-made lakes).

3a

3b If we took fresh water from a river running too close to a farm, we might find that this contains 
high levels of dissolved fertilisers and pesticides (as well as substances such as animal waste). 
It is better to choose a river which does not run near farms.

3c Microbes such as bacteria are too small to be removed by the filter beds used to produce 
potable water.

3d Sterilising the water kills microbes such as bacteria. Many of these could be pathogens. If we 
did not sterilise the water, these pathogens could cause diseases in humans who drink the 
water. Remember that potable water has to be safe to drink.

4a Untreated seawater contains very high levels of dissolved minerals such as sodium chloride. 
Drinking this would be extremely harmful to humans.

4b Desalination reduces the levels of dissolved minerals down to a level that is safe to drink.

4c In reverse osmosis, the sea water is passed through a series of filters or membranes which 
gradually reduce the levels of dissolved minerals. 


In distillation, the seawater is heated to evaporate the water (leaving the minerals behind). The 
water vapour is then condensed back to liquid water.

4d Both reverse osmosis and distillation use large amounts of energy. This makes them extremely 
expensive.
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Required Practical: Water

1a Pure water contains no dissolved substances at all. However, potable water is simply safe to 
drink, which means that potable water can have small amounts of dissolved substances (eg 
minerals). Potable water does not have to be neutral (pH 7).

1b Red = pH 1 (acid), Green = pH 7 (neutral), Purple = pH 14 (alkaline).


I'd strongly recommend learning these colours. This has come up before as an exam question.

1c Pure water does have a pH of 7. However, pure water also must contain no dissolved 
substances. It is possible for a sample of water to have a pH of 7 but still to contain dissolved 
substances. This would not be pure water.

2a The resolution is the smallest value that a measuring instrument can measure. Looking at the 
diagram of the balance, we can see that it can measure to the nearest 0.01 g so that is the 
resolution.

2b When we heat the water with the Bunsen burner, the water is evaporating (in other words 
turning from a liquid into the gas water vapour).

2c If the water sample is pure then the final mass of the empty evaporating basin (after heating) 
will be the same as the initial mass of the empty evaporating basin (ie before heating). This 
shows that the water contained no dissolved salts. If the water had contained dissolved salts, 
they would have been left after the water evaporated and this would have meant that the mass 
of the empty evaporating basin was greater after heating than before.

3a The pure water sample was sample B. We can see that the final mass of the empty evaporating 
basin is the same as the initial mass. This tells us that water sample B contained no dissolved 
substances and was therefore pure.

3b The anomalous result is water sample C. In this case, the evaporating basin appears to have 
lost mass at the end compared to the start. This should be impossible, if the evaporating basin 
was empty at the start.

3c The anomalous result could be explained if the evaporating basin contained some water when 
it was first weighed. When this evaporates, the mass of the evaporating basin will appear to 
have decreased.

4a

4b The water evaporates to form water vapour in the conical flask.

4c The water vapour condenses to form liquid water in the test tube which is in the iced water 
(some condensation will also take place in the delivery tube).

4d The purpose of the iced water is to cool the test tube down so that the water vapour 
condenses. Room temperature water is around 20oC, whereas iced water has a temperature 
around 0oC. This means that condensation takes place more rapidly when the test tube is 
placed in iced water.

4e Distillation uses a great deal of energy to evaporate the water so it's an expensive way to purify 
water. Other, less expensive methods are used in labs.
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Waste Water Treatment

1a Manufacturing clothes: Industrial

Drinking water for cattle: Agriculture

Watering crops: Agriculture

Manufacturing paper: Industrial

Bathing and Showering: Homes

Preparing food: Homes (although this could also be industrial as many factories make food 
products).

Drinking: Homes

Flushing the toilet: Homes

Manufacturing chemicals: Industrial

Manufacturing computers: Industrial

1b Waste water from homes and farms contains a great deal of harmful microorganisms (eg 
bacteria) and organic molecules (these are molecules containing carbon and we find these in 
faeces, urine, waste food etc). Returning this untreated waste water to rivers would be 
extremely dangerous to aquatic organisms such as fish. Bacteria in the river (and in the waste 
water) would feed on the organic molecules. The bacteria would reproduce and before long 
there would be a huge number of bacteria. These bacteria would use all of the oxygen in the 
water. Lack of oxygen would cause other organisms to die. 

2a Screening involves passing the water through fine metal meshes. These filter out solids (eg 
materials flushed down the toilet such as cotton buds) and also grit.

2b During sedimentation, the waste water is placed in large tanks. Solid organic material (faeces) 
settles to the bottom to form sludge. The liquid organic material (urine etc) does not sink and is 
called effluent.

2c During anaerobic digestion, anaerobic bacteria digest the organic molecules in the sludge. 
Remember that anaerobic means that no oxygen is present.

2d The biogas produced by anaerobic digestion is often used by the water treatment company to 
generate electricity. 

2e Sludge (essentially faeces) contains a massive amount of organic material. As well as carbon, 
this also contains a large amount of useful elements such as nitrogen. These are needed for 
plant growth, making sludge an excellent fertiliser.


Sludge contains such a high level of organic molecules that it can never be returned to 
waterways. By spreading it on fields, over time the sludge forms part of the soil.

3 Effluent is the liquid part of sewage formed during sedimentation. Effluent contains a very large 
amount of organic molecules and harmful microorganisms. If we simply returned the effluent 
to waterways, it would kill aquatic organisms such as fish. To prevent this, the effluent 
undergoes digestion by aerobic bacteria. Air is bubbled through the effluent to provide 
oxygen. After aerobic digestion, levels of organic molecules and harmful microorganisms are 
reduced to safe levels. Now the effluent can be safely discharged into waterways or the sea.

4 The chemicals from industrial waste may be toxic (poisonous) to aquatic life. If we discharged 
these to waterways, they would kill fish and other organisms. Secondly, the chemicals may kill 
the bacteria needed for sewage treatment. In this case, the bacteria would not digest the 
organic molecules and harmful microorganisms.

5a Ground water from aquifers needs to be tested for pollutants. If it does not contain pollutants, 
chlorine is added to kill any harmful microorganisms.

5b Making potable water from waste water requires a large number of stages. This only makes 
sense if water is extremely scarce (for example on the International Space Station).

5c Producing potable water from sea water (using distillation or reverse osmosis) requires a great 
deal of energy. This makes it an expensive way to produce potable water.
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Alternative Methods of Extracting Metals

1a The main use of copper is producing electronic equipment such as phones and computers.

1b Metals such as copper are extracted from ores. These contain enough metal to make it 
economical to extract the metal. Copper ores are becoming scarce, in other words they are 
running out. This means that we now have to use low grade ores which contain only a small 
amount of copper. It is harder to extract copper economically from low grade ores. One way is 
to use phytomining.

2a The plants absorb the metal compound from the soil and concentrate it in the plant tissue.

2b The ash contains a much higher concentration of copper compounds than the soil contained 
(as the plants have concentrated the copper compounds).

3a

3b The leachate contains a higher concentration of metal compound than is contained in the ore.

4a Iron is more reactive than copper. Remember that a more reactive metal will displace (push 
out) a less reactive metal from its compound. Because we can use iron to displace copper, this 
tells us that iron is more reactive than copper.

4b We can also use electrolysis to extract the copper from the copper compound. 


The key idea that you need to understand with both phytomining and bioleaching is that the 
copper ore is low grade (in other words it only has a very small amount of copper compound). 
It would not be economical to extract the copper using normal processes. 


However, both phytomining and bioleaching produce a solution with a higher concentration of 
copper compound than in the low grade ore. This means that we can now economically 
extract the copper from this solution using displacement with iron or electrolysis.

5a Remember that all metals are a finite resource, in other words there is only a limited amount of 
metal in the Earth's crust. Some metals in particular are becoming scarce. Copper is a good 
example. There is not a large amount of high grade copper ore left in the Earth's crust so this 
means that we have to use low grade ore instead.

5b Traditional mining is very destructive to the environment. Firstly, it produces a large amount of 
unwanted waste such as rocks. Secondly, we have to transport the ore for processing. 
Transporting ore uses a lot of fossil fuels (contributing to climate change). 


Phytomining and bioleaching are much less harmful to the environment than traditional mining. 
Infact phytomining can be used to clean up land which has been contaminated with metals.
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Life Cycle Assessment

1a Stage 1: Crude oil extracted from the ground

Stage 2: Transport of oil to refineries

Stage 3: Hydrocarbons separated

Stage 4: Cracking to produce alkenes

Stage 5: Manufacture of the polymer

1b Every stage in producing plastics requires energy. In many cases, this energy will be generated 
by burning fossil fuels. This releases carbon dioxide which contributes to climate change.

1c Mining and transport of metal ore: Mining destroys habitats and produces large amounts of 
waste rock. Fossil fuels are use in trucks to transport the ore. Burning fossil fuels produces 
carbon dioxide and contributes to climate change.


Extraction of the metal from the ore: Extraction of metal also uses a large amount of energy. It 
produces large amount of toxic waste products.

2a Manufacturing a product can harm the environment in two ways: Release of harmful chemicals 
from factories and energy used by machines in factories.

2b Toys often use batteries. Producing batteries releases a large amount of toxic waste.

3 Firstly products have to be transported for disposal. During transportation, trucks burn fossil 
fuels. This releases carbon dioxide, contributing to climate change.


Secondly many products (especially computer equipment) contain large amounts of harmful 
chemicals. These have to be extracted and disposed of carefully. Again this requires energy.

4a

4b It can be very difficult to accurately work out the environmental impact of different processes 
so sometimes we have to make estimates. Also, lifecycle assessments may be biased for 
example to make a product look less harmful to the environment than it actually is.
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Recycling

1a Availability of raw materials: Many raw materials are finite (eg metals) and in many cases these 
are becoming scarce (eg copper).


Extraction of raw materials: Extracting raw materials uses a lot of energy (often generated by 
burning fossil fuels, which contributes to climate change). It also produces large amounts of 
waste products and many of these are toxic chemicals. Quarrying and mining is very 
destructive to habitats.


Manufacturing of finished product: Manufacturing uses a lot of energy and also produces toxic 
chemicals.


Note: if you are answering a question on environmental impact, you need to be specific for 
example "destroys habitats". Just saying "bad for the environment" won't get you the mark. 

1b Throwing away products generates a lot of waste. This is a real waste of finite resources and 
energy. Lots of this waste simply ends up in landfills and space in landfills is becoming more 
scarce.

2 Glass products can be reused, for example when milk is delivered in glass bottles, the bottles 
are returned for cleaning and then reused by the milk company. Many consumers also reuse 
glass containers for example using old jam jars to store spices. Glass can also easily be 
recycled. For example old glass bottles can be melted and recycled into glass jars.


Plastic bottles can also be recycled into completely different products for example fleece 
jackets and carpets.

3a Scrap metal often contains a mixture of different metals. Often these cannot be recycled 
together and have to be separated before recycling. This can add to the cost. For example, in 
same cases the metals are separated by hand which means that the cost of labour has to be 
included.

3b If we recycle steel, this means that we need to extract less iron from iron ore. Mining iron ore 
destroys habitats. Transporting iron ore involves burning fossil fuels. This releases carbon 
dioxide, contributing to climate change.
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Corrosion

1a Corrosion is the destruction of materials by chemical reactions with substances in the 
environment. A good example of corrosion is rusting. This only ever applies to materials 
containing iron or alloys of iron such as steel. For metals other than iron or alloys of iron, we 
should say corrosion not rusting.

1b Acid rain corrodes buildings (and objects such as statues) made of limestone. 

2a Boiling the water removes any air which was dissolved in the water.

2b Oil acts as a barrier between the water and the air. This prevents any air from dissolving back 
into the water.

2c Anhydrous calcium chloride absorbs any water vapour present in the air in the test tube.

2d Test tube 3 has a bung in the opening. This prevents any more air from entering the test tube. 
The purpose of test tube number 3 is look at what happens when no water is present. Air 
contains water vapour, which we are removing with the anhydrous calcium chloride. If the bung 
was not present, more air (containing water vapour) would simply pass into the test tube.

2e After several days we will see rusting in test tube number 1 only.

2f This experiment tells us that rusting requires both water and air (in fact, rusting requires oxygen 
from the air but the AQA specification only requires you to say "air").

3a Grease, paint and electroplating all prevent corrosion (electroplating is coating a metal with a 
different type of metal). That's because these three methods all act as a barrier between the 
metal and the environment. This prevents chemicals in the environment (such as oxygen) from 
reacting with the metal that we are protecting.

3b Aluminium is quite a reactive metal. This means that the surface of aluminium reacts with 
oxygen in the air. However, the thin layer of aluminium oxide produced now protects the rest of 
the aluminium underneath from corrosion.

4a Galvanising is coating a metal with a layer of zinc.

4b When a metal is coated with a thin layer of zinc, the zinc acts as a barrier between the metal 
and substances in the environment.


However, the zinc protects the metal in a different way. Imagine that a part of the zinc coating 
is scraped off so that the iron underneath is now exposed to the environment. Remember that 
zinc is a more reactive metal than iron. This means that the zinc now reacts instead of the 
metal underneath.


You are not required to explain how this works but it's interesting to look at. When metals 
react, they lose electrons (they are oxidised). If our object is made of iron (for example), the iron 
atoms will lose electrons when they react with oxygen. However, these iron atoms are in 
contact with zinc atoms. Zinc is more more reactive than iron so now the zinc atoms lose their 
electrons to the iron atoms (replacing the ones that were lost). So now the zinc reacts and not 
the iron.

4c The type of protection provided by galvanising is called sacrificial protection.
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Alloys

1a An alloy is made by mixing together the combination of metals (and other elements) that we 
want in the correct amounts. We then melt the mixture and cool the alloy into the shape that 
we want.


Remember that an alloy is a formulation. We saw formulations in the topic "Chemical Analysis".

1b In a pure metal, the atoms are in layers. If we hammer a pure metal, the layer can easily slide 
over each other into a new shape. This means that pure metals are fairly soft.


However, an alloy contains a mixture of elements and these atoms have different sizes. This 
distorts the layers of atoms. Now, if we hammer the metal, the atoms cannot easily slide over 
each other. This makes alloys harder than pure metals.

2

3 Gold is used to make jewellery but pure gold is too soft. To make gold alloys, pure gold is 
mixed with silver, copper and zinc. The purity of gold is rated in carats. Gold which is 100% 
pure has a carat rating of 24 whereas 18 carat gold only contains 75% gold.


(In the exam, you could be asked to work out the carat value of a sample of gold. Remember 
that 24 carat is 100% gold so 12 carat is 50% gold).

4a

4b Low carbon steel contains a lot of iron atoms and only a small proportion of carbon atoms. 
This means that most of the iron atoms can form layers. As we saw in question 1b, because 
these layers can slide, this makes low carbon steel soft enough to easily shape.


High carbon steel contains a larger amount of carbon atoms. Because the iron atoms and 
carbon atoms are different sizes, the layers of iron atoms are distorted. This means that the 
atoms cannot slide over each other so high carbon steel is harder than low carbon steel.

5 Aluminium alloys have a low density (in other words they have a low mass for their volume). 
This makes them ideal for airplane bodies.
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Ceramics and Composites

1a

1b Soda lime glass is used to make everyday glass items such as windows, glass bottles, jam jars 
etc.

1c Borosilicate glass has a very high melting point. This means that it will not melt when heated 
for example a lab beaker.

1d To make glass, we have to mix together different chemicals in exact amounts (glass is a 
formulation). We then heat them to melt and then cool to shape.


Clay ceramics are made from clay which is a mineral extracted from the ground. Clay is not a 
formulation and we do not have to add anything to it. We shape clay when it is wet. When we 
heat the clay it dries and sets into its fixed shape.

2a Reinforcement = carbon fibres. Matrix (binder) = plastic.

2b Carbon fibre composite is extremely strong and also very light. This makes it ideal for car and 
aircraft parts.

2c Reinforcement = steel bars. Matrix (binder) = concrete.

2d Reinforced concrete is extremely strong. This makes it ideal for making buildings.
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Thermosoftening and Thermosetting Polymers

1a The small molecules that polymers are made from are called monomers.

1b The properties of a polymer are affected by the temperature, the pressure and the catalyst 
used during manufacture.

2a

2b In thermosoftening polymers, the polymer strands are held to each other by intermolecular 
forces of attraction only. These are relatively weak. If we heat the polymer, we weaken or break 
these intermolecular forces of attraction. This allows the polymer strands to move away from 
each other and the polymer loses its structure. 


If we then cool the polymer down, the intermolecular forces of attraction reform. This means 
that the polymer now reforms into a solid.

3a

3b Thermosetting polymers do not melt when heated. This is because the polymer strands are 
held to each other by strong crosslinks (these are usually covalent bonds). These are so strong 
that they are not broken by heat.
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The Haber Process

1a

1b The ammonia produced by the Haber process is used to make nitrogen-based fertilisers (we'll 
be looking at those in the next chapter).

1c To calculate the percentage yield, we start by working out the number of moles of reactant that 
we used. In this case the limiting reactant is the nitrogen (the hydrogen is in excess). 


Number of moles = mass / Mr


The formula of nitrogen gas is N2 so the Mr is 14 x 2 = 28


Number of moles = 56 / 28 = 2 moles


Looking at the balanced equation, we can see that 1 mole of nitrogen gas will make 2 moles of 
ammonia. We have 2 moles of nitrogen gas so we could make 4 moles of ammonia.


We now work out the maximum mass of ammonia that we could make.


Mass = number of moles x Mr


The Mr of ammonia is (14 x 1) + (1 x 3) = 17


Mass = 4 x 17 = 68 g


Percentage yield = (mass of product we actually made / maximum theoretical mass) x 100


Percentage yield = (17/68) x 100 = 25%

1d We can see from the reaction equation that the Haber process is a reversible reaction. This 
means that some of the product can turn back to reactants. With reversible reactions, we 
never get a percentage yield of 100% (as this would mean that NONE of the product had 
turned back to reactants).

2a The nitrogen for the Haber process is extracted from the air (which is around 78% nitrogen). 
The hydrogen is produced by reacting methane with steam (we can also produce the hydrogen 
by electrolysis of water).

2b Recirculating the unreacted nitrogen and hydrogen back over the catalyst increases the yield 
by giving the molecules more chance to react together. 

2c By removing the ammonia from the reaction we drive the equilibrium to the right, which 
increases the yield. Remember that Le Chatelier's principle states that if a system is at 
equilibrium and a change is made to any of the conditions, the system responds to counteract 
the change. 

 
If we remove the product (ammonia), this causes the equilibrium to shift to the right to produce 
MORE product (ie counteract the change) and increase the yield.
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The Haber Process

3a Le Chatelier's principle states that if a system is at equilibrium and a change is made to any of 
the conditions, the system responds to counteract the change.

3b The energy profile for an exothermic reaction is shown below.

3c The Haber process is exothermic. This means that when the reaction takes place, energy is 
transferred from the reacting molecules to the surroundings. Because of this, the temperature 
of the surroundings increases.


As we saw, Le Chatelier's principle states that if a system is at equilibrium and a change is 
made to any of the conditions, the system responds to counteract the change.


What that means is that if we want to shift the equilibrium to the right hand side (ie the 
products), we have to keep the reaction cool (this is the "change" to the conditions). This way, 
the equilibrium shifts to the right, transferring energy to the surroundings and increasing its 
temperature (ie reversing the change). This produces more ammonia.

3d As we can see from the graph, the cooler the temperature, the greater the percentage of 
ammonia produced (because cool conditions shift the equilibrium to the right). The problem is 
that cooling the reaction reduces the rate of the reaction. So we need to use a temperature 
which is cool enough to keep the equilibrium on the right but warm enough to get a high 
enough rate of reaction. This is why it is a compromise temperature.

3e In the Haber process, we use iron as the catalyst. The role of the catalyst is to increase the rate 
of the reaction (bearing in mind that we run the reaction at a relatively cool temperature which 
means that the rate won't be very fast). Remember that a catalyst has no effect on the position 
of equilibrium of reversible reactions.

3f Pressure can affect the position of equilibrium of reversible reactions, provided that the number 
of particles is different on the reactant and product sides. As we can see from the equation, we 
have four particles on the left (one nitrogen molecule and three hydrogen molecules) and two 
particles on the right (two molecules of ammonia). 


If we increase the pressure, the equilibrium shifts to the right. Because there are fewer particles 
on the right, this REDUCES the pressure (ie counteracting the change that we made to the 
system). This is why the Haber process is carried out at a high pressure.

3g Running reactions at very high pressure is dangerous and requires very expensive equipment. 
This means that it is simply not economical (ie cost effective) to run the Haber process at 
pressures much greater than 200 atmospheres.
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NPK Fertilisers

1a NPK fertilisers contain nitrogen (N), phosphorus (P) and potassium (K).

1b NPK fertilisers increase agricultural productivity because they make crops grow larger and 
faster.

1c NPK fertilisers are mixtures of different compounds in very specific amounts and each 
chemical has a specific purpose. This means that they are formulations.

2a Ammonia is produced by the Haber process.

2b Percentage by mass = (mass of element in compound/relative formula mass of compound) x 100


Percentage by mass = (28 / 80) x 100 = 35%


It's worth learning how to calculate percentage by mass. This has appeared in past exam papers (eg 
Chemistry 2 2019), although the topic is not on the specification. It falls under mathematical skills.

2c We know from question 2b, that ammonium nitrate is 35% nitrogen by mass. This means that 
3000 g of ammonium nitrate contains (3000 / 100) x 35 = 1050 g of nitrogen.

3 Potassium chloride = KCl 

Remember that in ionic compounds, the charges of the individual ions have to cancel to zero. 
The potassium ion has a charge of 1+ and the chloride ion has a charge of 1-. This means that 
potassium chloride has one potassium ion and one chloride ion.


Potassium sulfate = K2SO4


The potassium ion has a charge of 1+ but the sulfate ion has a charge of 2-. This means that 
we need two potassium ions to cancel the charge on one sulfate ion.

4a

4b Phosphoric acid is a strong acid and would be extremely damaging to crops. It needs to be 
converted to a neutral compound (ammonium phosphate).

4c The most efficient reaction pathway is method 3. This only involves one stage and has no 
waste products. Method 1 involves two stages and produces a waste product (calcium nitrate) 
which will need to be separated from the phosphoric acid. Method 2 involves one stage but 
also produces a waste product (calcium sulfate) which will need to be separated from the 
calcium phosphate. Separation is often wasteful as some useful product can be lost.
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NPK Fertilisers

5a Ammonia gas is highly toxic and concentrated nitric acid is extremely corrosive. Reacting 
these together produces an extremely exothermic reaction. 


For these reasons, we cannot use these compounds to produce ammonium nitrate in schools. 
Instead we use dilute ammonia solution and dilute nitric acid. This is much safer.

5b When we react ammonia gas with concentrated nitric acid, a great deal of heat energy is 
released (the reaction is strongly exothermic). In industry, this heat energy is then used later to 
evaporate the water from the product. This makes the industrial production of ammonium 
nitrate more energy efficient than in a school laboratory where a Bunsen burner is used to 
evaporate the water.

5c In the continuous process used in industry, the reaction system runs all the time. Reactants are 
continuously fed into the first stage of the process and products are extracted from the final 
stage. The continuous process can produce thousands of kilograms of ammonium nitrate.


In the batch process used in schools, a certain amount of the reactants are mixed and reacted. 
The products are then crystallised. To make more product we have to set up the reaction 
again. This takes longer and is less efficient than a continuous process.
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Triple



Question Answers Mark Extra information Workbook 
page

1.1 Nitrogen 1 Approximately 80% of the atmosphere is 
nitrogen gas.

The 
Atmosphere 

page 70

1.2 Noble gases 1 This is from the Unit 1 topic Atomic 
Structure and the Periodic table which is 
one of the topics you could be asked 
about in paper 2.

Unit 1 
Atomic 

Structure 
and the 
Periodic 

Table

1.3 carbon dioxide


volcanoes (accept volcanic 
activity)


oceans (accept sea)

1
 You are meant to be able to explain the 
changes in the atmosphere from the 
formation of the Earth to the current day.

The 
Atmosphere 

page 71

1.4 2O2


2H2O

1 When balancing combustion equations 
like this one, always start with the 
products first and then go back and 
complete the oxygen.

The 
Atmosphere 

page 76

1.5 Short wavelength radiation 
from the sun passes through 
the atmosphere without being 
absorbed by greenhouse 
gases.


The radiation is re-emitted from 
the Earth's surface as longer 
wavelength radiation.


Longer wavelength radiation is 
absorbed by greenhouse 
gases.

1


1


1

Accept ultraviolet or visible light.


Accept infrared.

The 
Atmosphere 

page 73

1.6 Carbon monoxide


Formed when there is not 
enough oxygen


Incomplete combustion

1


1


1


Total 
= 10

In this question, you must not state that 
carbon monoxide forms when there is no 
oxygen. This is not correct. If there was 
no oxygen then combustion would not 
happen.

The 
Atmosphere 

page 76
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Question Answers Mark Extra information Workbook 
page

2.1 Pencil is not soluble.


or 


Pen ink is soluble.

1 Accept pencil will not run.


or


Pen ink would run

Chemical 
Analysis 
page 59

2.2 Mobile phase = solvent (accept 
water).


Stationary phage = paper.

1


1

The solvent is the mobile phase as it 
moves.


The paper does not move so it is the 
stationary phase.

Chemical 
Analysis 
page 59

2.3 Different colours are attracted 
to the stationary phase (paper) 
by different amounts.


Colours that are less attracted 
to the stationary phase move 
further than colours which are 
more attracted.

1


1

Students often find this a tricky idea to 
get so it is worth learning it.

Chemical 
Analysis 
page 59

2.4 Measures distance moved by 
centre of spot from pencil line 
(50mm) and distance moved by 
solvent from pencil line (65mm)


Rf = distance moved by spot / 
distance moved by solvent


Rf = 50/65 = 0.7692


Rounded to 2 significant figures 
= 0.77

1


1


1

You should measure to the vertical centre 
of the spot.


You are not given the equation for Rf in 
the exam so you do need to learn it.


In the exam, there will be a range of 
possible answers but you need to 
measure as accurately as you can. 


Chemical 
Analysis 
page 59

2.5 Any three from:


Chilli powder contains three 
colours


Chilli powder contains colour A


Chilli powder contains colour C


Chilli powder does not contain 
colour B

3 
max

Safe colours A and C line up with two of 
the spots in the chilli powder.


Safe colour B does not line up with any 
spot in the chilli powder.

Chemical 
Analysis 
page 59

2.6 No


Chilli powder contains a colour 
which could not be identified.

1


1


Total 
=13

This is not 
referred to 
specifically 

in the 
workbook 
but is a 

common 
question.
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Question Answers Mark Extra information Workbook 
page

3.1 (a molecule that contains) 
carbon and hydrogen atoms


Only

1


1

This is an important definition that you 
need to learn.

Organic 
Chemistry 
page 32

3.2 Remains of plankton


That was buried in mud millions 
of years ago

1


1

Remember that crude oil is a finite 
resource and may one day run out.

Organic 
Chemistry 
page 32

3.3

1


1

You are meant to know the structures of 
the first four alkanes: methane, ethane, 
propane and butane.

Organic 
Chemistry 
page 34

Ten hydrogen atoms


Correct bonds between atoms

3.4 flammability


CnH2n+2

Remember that the hydrocarbons get 
less flammable as the chain length 
increases. Ethane has two carbon atoms 
so it is more flammable than butane 
which has four carbon atoms.


The alkanes all have this general formula 
as the number of hydrogen atoms is 
twice the number of carbon atoms plus 
two.

Organic 
Chemistry 
page 35

3.5 Fractional distillation


Crude oil heated to evaporate 
hydrocarbons


Hydrocarbons enter column 
which is cooler at the top than 
the bottom


Hydrocarbons condense at 
specific temperatures and are 
removed


Short chain hydrocarbons do 
not condense and are removed 
as gases (accept example)

1


1


1


1


1

Fractional distillation is a very popular 
question with the examiners. It's worth 
learning the stages.

Organic 
Chemistry 
page 37-38

3.6 C8H18 1 Remember that the number of atoms on 
the left hand side of the arrow must be 
the same as the number of atoms on the 
right hand side of the arrow.

Organic 
Chemistry 
page 40-41

3.7 Bromine water


Turns from orange to colourless

1


1


Total 
= 16

With the test for alkenes, remember to 
state the starting and final colours for the 
bromine water. And remember that the 
bromine water turns colourless not clear.

Organic 
Chemistry 
page 41
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Question Answers Mark Extra information Workbook 
page

4.1 A finite resource is one that will 
run out if we keep using it.

1 Remember that no new metal is formed in 
the Earth's crust.

Resources 
page 78

4.2 Relative formula mass of 
copper oxide = 63.5+16 = 79.5


Number of moles of copper 
oxide = 318 / 79.5 = 4 moles


(Number of moles of copper = 
4 moles)


Mass of 4 moles of copper = 
63.5 x 4 = 254 g

1


1


1


This question is based on Quantitative 
Chemistry which is one of the topics in 
Unit 1 that can be examined again in Unit 
2.


Remember that we do not use the large 
numbers when working out relative 
formula mass.

Unit 1 
Quantitative 
Chemistry

4.3 Grow plants on area containing 
the metal in the soil


Plants absorb / concentrate the 
metal


Burn the plants and extract the 
metal from the ash

1


1


1


Phytomining and bioleaching are the two 
alternative ways to extract metals.

Resources 
page 85-86

4.4 Pure metals are soft because 
the metal atoms are in layers 
which can slide


Alloys contain atoms which are 
different sizes. This distorts the 
layers making alloys harder 
than pure metals.

1


1


Total 
= 9

Alloys is a topic specific to Triple 
Chemistry. It's really important that you 
can describe why alloys are harder than 
pure metals.

Resources 
page 92-93
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5.1 Potable water is safe to drink 1 Remember that potable water is not the 
same as pure water.

Resources 
page 79

5.2 Kill microbes / sterilise the 
water

1 We can also use ozone or ultraviolet for 
this process.

Resources 
page 80

5.3 Reverse osmosis / distillation 1 Resources 
page 80

5.4 Desalination takes a great deal 
of energy

1 This is a very common question. Resources 
page 80

5.5 Determine mass of empty 
container eg beaker


Add water to container and 
heat until dry (accept until mass 
stops changing)


Determine final mass


If final mass of beaker is the 
same as the starting mass then 
the water contained no 
dissolved solids

1


1


1


1

This is part of the required practical on 
analysis and purification of water.

Resources 
page 81-82

5.6 Test for copper ions


Either:

Place sample into Bunsen 
burner flame

Green flame = copper ion


or

Add sodium hydroxide solution

Blue precipitate = copper ion


Test for sulfate ions

1. Add hydrochloric acid 

(accept nitric acid but not 
sulfuric acid)


2. Add barium chloride 
solution


3. White precipitate = sulfate 
ions

1


1


1

1


1


1


1


Total 
= 13

This is part of the required practical on 
using chemical tests to identify ions.

Chemical 
Analysis 

page 63 + 
65 for metal 

ions


Chemical 
Analysis 

page 66 for 
non metal 

ions
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6.1 0.01g 1 The resolution is the smallest value that a 
measuring instrument can measure. In 
this case, the balance can measure to the 
nearest 0.01g.

Rates of 
Reaction 
page 24

6.2 Allows gas to escape


Prevents acid (or reactants) 
from splashing out

1


1

If acid did splash out then the mass 
would decrease much more rapidly than 
usual. This could produce an anomalous 
result.

Rates of 
Reaction 
page 24

6.3 All points plotted correctly


Line of best fit

2


1

Tolerance = 1/2 a small square.


If any point is wrong then award one 
mark if at least 3 points are correctly 
plotted.


Allow correct line of best fit even if it goes 
through points which were plotted 
incorrectly.

Graph 
plotting is 
covered 

throughout 
the 

workbooks
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6.4 50 seconds 1 We can tell that the reaction stopped at 
this point because no more carbon 
dioxide was released.


This mark will depend on the student's 
line of best fit. Read the point where the 
line is horizontal but do not award this 
mark if this is 40 seconds or less as the 
table clearly shows gas still being 
produced at 40 seconds.

Rates of 
Reaction 
page 11

6.5 (Hydrochloric) acid ran out / 
was used up

1 The reaction has two reactants. The 
reaction stops when one of the reactants 
is used up. The question states that the 
calcium carbonate is in excess so the 
acid must have ran out.

Rates of 
Reaction 
page 11

6.6 Uses graph to read mass of 
gas released at 15 seconds = 
0.68 g


0.68 / 25 = 0.0272 g / s


Correct units

1


1


1

Remember that you could be expected to 
calculate either a mean rate of reaction 
(as in this question) or the rate at any 
given point by drawing a tangent.

Rates of 
Reaction 
page 13

6.7 Steeper line


Final mass of gas released 
must be 0.92 g

1


1

Smaller pieces of calcium carbonate will 
have a larger surface area than larger 
pieces. This means that there will be a 
greater frequency of successful collisions 
so the rate will be greater.


However, the reaction is limited by the 
amount of hydrochloric acid and this has 
not changed. So the final mass of carbon 
dioxide produced must be the same as 
the previous graph.

Rates of 
Reaction 

page 22-24

6.8 Any one from


Concentration of acid


Type of acid


Volume of acid


Temperature

1


Total 
= 14

This is a required practical so it is 
important that you learn the key details.

Control 
variables 

are covered 
in the 

required 
practicals 

where 
appropriate
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7.1 Hydration 1 Remember that a hydration reaction adds 
water (in this case steam) to another 
molecule.

Organic 
Chemistry 
page 45

7.2 (g) 1 Remember that in hydration, the water is 
in the form of steam.

Organic 
Chemistry 
page 45

7.3 Yeast


Anaerobic conditions / no 
oxygen


Warm conditions (accept any 
temperature between 25oC and 
35oC)

1


1


1


Fermentation to produce ethanol only 
works if no oxygen is allowed into the 
reaction.


The temperature must not be too hot as 
the enzymes in the yeast may denature.

Organic 
Chemistry 
page 48

7.4 Sugars are from plants which 
are renewable whereas ethene 
is from crude oil which is not 
renewable


Fermentation requires less 
energy than producing ethanol 
by hydration of ethene 

1


1

A sustainable process allows us to satisfy 
our needs without preventing future 
generations from satisfying their needs.


In order to produce ethene, we have to 
separate the fractions in crude oil and 
then use cracking. To produce ethanol we 
then have to use hydration. All of these 
processes require a great deal of energy.

Organic 
Chemistry 
page 48

7.5 Hydrogen 1 You are meant to know what happens 
when alcohols are added to water, 
combusted in air and reacted with 
sodium or an oxidising agent.

Organic 
Chemistry 
page 49

7.6 1 This question is testing your recall of the 
carboxylic acid functional group, which is 
shown in grey.

Organic 
Chemistry 
page 50

7.7 Carboxylic acids only partially 
ionise


When in aqueous solution 
(dissolved in water)

1


1

This was covered in Unit 1 Chemical 
Changes but is also covered in the Unit 2 
specification.

Organic 
Chemistry 
page 50

7.8 Higher 1 Remember that a higher concentration of 
H+ has a lower pH. Carboxylic acids are 
weak acids so they have a lower 
concentration of H+ than stronger acids, 
in other words a higher pH.

Organic 
Chemistry 
page 50

7.9 Ester 1


Total 
= 13

Ethyl ethanoate is the only ester that the 
specification requires you to know the 
name of.

Organic 
Chemistry 
page 51
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8.1 Monomer 1 This is a straightforward recall question. Organic 
Chemistry 
page 52

8.2 3 One mark for the correct atoms and 
bonds


One mark for the bonds extending 
beyond the brackets


One mark for the brackets and "n"

Organic 
Chemistry 
page 52-53

8.3 Addition polymerisation 1 In addition polymerisation, the monomers 
are alkenes.

Organic 
Chemistry 
page 52-53

8.4 Thermosoftening polymers melt 
when heated.


This is because there are only 
weak forces between the 
chains (accept no crosslinks or 
covalent bonds between 
chains).


Thermosetting polymers do not 
melt when heated.


This is because there are strong 
crosslinks / covalent bonds 
between the chains.

1


1


1


1

Remember that we are not talking about 
the covalent bonds within a polymer 
chain. The forces or crosslinks are 
between the chains ie from one chain to 
another. 

Resources 
page 95

8.5 Composite 1


Total 
= 10

A composite contains two different 
materials with different properties.

Resources 
page 94
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Suggested Level Boundaries

Please note that the level boundaries shown below are very approximate. 

In the real GCSE Science exams, the level boundaries are determined 
when all of the candidates' papers have been marked. This allows the 
exam boards to adjust the grade boundaries up (if the exam appeared 
slightly easier than usual) or down (if the exam appeared slightly harder 
than usual).

Mark / 100 Level

75 9

66 8

56 7

46 6

36 5

26 4

16 3

This is because the paper above is a specimen paper. Real exam papers 
go through a long process of review where questions are analysed and 
modified before being issued.

I do not offer any guarantee that the level you achieve in this specimen 
paper is the level that you will achieve in the real exam.
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