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Q1a The diagram below shows a cross section of a heart and blood vessels. 
 
 
 
 
 
 
 
 
 
 
 
 
Q1a(i) Identify the structures A and B from the above diagram.  [2] 
 
Student’s response 

A  Tricuspid Valve 
 
B  Right atrium   
 
 
Q1a(ii) Which chamber of the heart has the thickest wall?  [1] 
 
Student’s response 

Left ventricle  
 
 
Q1a(iii) Name the blood vessel in which deoxygenated blood returns to the 

heart from the body.  [1] 
 
Student’s response 

Vena cava 

Examiner’s comments 

In part (a) the candidate correctly identified structures A and B, as the tricuspid valve 
and right atrium, respectively.  They correctly named the left ventricle of the heart as 
having the thickest wall and the vena cava as being responsible for carrying 
deoxygenated blood from the body to the heart. 
 
[4] marks out of [4] awarded for question part 
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Q1b The diagrams below show cross sections of two types of blood vessels; an 
artery and a vein. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

State two visible features in Diagram A which indicate that it is an artery.  
[2] 

 
Student’s response 

1. Diagram A has a thick muscle wall which prevents the artery from bursting 
under high pressure. 

2. The small lumen indicates that it is an artery as it helps keep the blood at a 
high pressure at all times. 

Examiner’s comments 

In part (b) the candidate correctly identified the thick muscle wall and smaller lumen 
as characteristic of an artery. 
 
[2] marks out of [2] awarded for question part 
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Q1c Adam carried out an experiment to compare the effect of exercise on the 
blood pressures of his male and female classmates. 

 
His classmates went for a run and they each measured their blood 
pressure when they had finished. 
 
Evaluate this experiment by suggesting three ways in which this 
experiment could be improved.  [3] 

 
Student’s response 

1. This experiment could be improved by measuring their blood pressure before 
exercise as well, so that Adam can compare both the systolic and diastolic 
pressure. 

2. He could separate his classmates into groups e.g. by gender, body size and how 
athletic they are. 

3. To make his results more reliable he could get his classmates to repeat the same 
experiment after having a few minutes rest. 

Examiner’s comments 

In part (c) the candidate evaluated the experimental design and correctly provided 
three ways in which the experiment could be improved i.e. by, measuring blood 
pressure at rest before beginning exercise, determining blood pressure in separate 
genders and repeating blood pressure measurements. 
 
[3] marks out of [3] awarded for question part 
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Q2 A diagram of the human respiratory system is shown below. 

 

 

 

 

 

 
Q2a(i) Name the parts labelled A and B.  [2] 
 
Student’s response 

A  Bronchus (left) 
 

B  Bronchioles 
 
 
Q2a(ii) Carbon dioxide and oxygen are exchanged in the lungs by the process 

of diffusion. 
 

State where oxygen diffuses to after it leaves the alveoli.  [1] 

Student’s response 

Oxygen diffuses into blood. 
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Q2a(iii) State and explain three ways the alveoli are adapted for gas exchange.  
[6] 

 
Student’s response 

1. alveoli has a large surface area.  This is created by a large number of small, 
rounded Alevoli as well as an extensive network of blood capillaries. 

2. steep concentration gradient created by breathing.  This keeps O2 concentration 
high + CO2 low in alveoli. Blood flow in capillaries brings in deoxygenated blood 
and oxygenated blood is quickly removed, so O2 is low and CO2 high in alveoli. 

3. short diffusion distance created by alveolar epithelium and capillary endothelium 
consisting of single layer of squamous cells which are flattened and one cell 
thick.  Also blood capillaries lie close against alveolar epithelium. 

Examiner’s comments 

In part (a) the candidate correctly identified structures A and B, as the (left) bronchus 
and bronchioles, respectively.  They correctly identified that oxygen diffuses in to the 
blood when it leaves the alveoli.  The candidate both identified and explained three 
alveolar adaptations that support efficient gas exchange, namely large number of 
rounded alveoli providing a large surface area, concentration gradient for oxygen 
and carbon dioxide maintained between capillaries and alveoli, thin alveolar walls (1 
cell thick) providing a short diffusion path. 
 
[9] marks out of [9] awarded for question part 
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Q2b(i) A patient with cystic fibrosis took part in a clinical trial to test if a drug was 
effective at improving his lung function. 
The percentage oxygen saturation of the patient’s blood at different partial 
pressures of oxygen was measured. 
This was carried out both before treatment and after four weeks of drug 
treatment. 
The results are shown in the table below. 

 
Partial pressure of 
oxygen in inhaled 

air/mmHg 
 

Percentage saturation of blood with oxygen 
 

Before treatment After four weeks 
treatment 

0 0 0 
20 10 15 
60 60 70 
80 65 75 

100 65 80 
120 65 85 

 

Source: Principal examiner 
 

Plot these results on the graph paper, with partial pressure of oxygen in 
inhaled air on the x axis. Label both axes. [6] 
 

Student’s response 
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Q2b(ii) Use your graph to determine the difference in the percentage 
saturation for the patient with cystic fibrosis at a partial pressure of 40 
mm Hg before and after treatment. 

 
Show your working.  [2] 

 
Student’s response 

Before = 35   42.35 

After = 42   = 7% 

= 7% 
 
Q2b(iii) This drug may help counteract the effects of cystic fibrosis. 

Suggest one way this drug may be acting to improve oxygen uptake by 
the blood.  [1] 

 
Student’s response 

Removing the thick sticky mucus in the patients airways to allow them to breath 
better, allowing more oxygen to diffuse into the blood. 

Examiner’s comments 

In part (b) the candidate plotted the results provided correctly, having titled the 
graph, and scaled and labelled the axes appropriately.  The candidate read the 
information from the plotted graph correctly and carried out the calculation 
successfully.  The candidate applied their knowledge of cystic fibrosis to identify the 
removal of thick sticky mucus in the patient’s airways as a possible way in which the 
drug may have been acting to improve oxygen uptake by the blood. 
 
[9] marks out of [9] awarded for question part 
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Q3a A 20-year-old woman attended her doctor complaining of feeling tired. The 
woman was overweight and she looked pale. 
The doctor asked the woman to use a food diary to record everything she 
ate for one week. 
From her food diary, the doctor calculated the average daily amounts of 
energy, protein and important vitamins and minerals the woman was 
eating. He compared these figures with the reference nutrient intakes 
(RNI).  This data is given in the table below. 
The values given in the table below are per day. 

 
 Energy 

/kcal 
 

Protein 
/g 
 

Fat 
/g 
 

Vitamin C 
/mg 
 

Vitamin A 
/μg 
 

Iron 
/mg 
 

Woman 3000 50 85 20 400 8 
RNI 2000 50 70 40 600 15 

Source: Principal examiner 
Comment on the woman’s average daily amounts of fat, vitamin C and iron 
compared to RNI figures. 
Make three recommendations of food sources which could improve the 
woman’s diet for fats, vitamin C and iron.  [6] 

 
Student’s response 

First of all her iron intake was low which may account for the pale skin as she may 
have gotten Anaemia, this could lead to shortness of Breath and therefore may also 
lead to her gaining weight and feeling tired.  Furthermore her fat intake is higher than 
it should be which would also account for her being overweight.  Lastly, the lack of 
Vitamin C would account for her feeling tired as it is used for energy intake, Vitamin 
C is also needed for healthy skin and growth and therefore more is needed.  For 
food recommendations I would recommend green and yellow vegetables for Vitamin 
C like peas, for iron I would recommend Broccoli as it is high in iron and, for an 
alternative to fat I would recommend eating slightly less foods high in fat and more 
vegetables.  

Examiner’s comments 

In part (a), the candidate commented on the woman’s average daily amounts of fat, 
vitamin C and iron compared to RNI figures, correctly identifying that these were 
higher (fat) or lower (vitamin C and iron).  The candidate made three correct 
recommendations of food sources which could improve the woman’s diet, namely 
substituting high fat foods for vegetables (to reduce fat intake), eating more 
green/yellow vegetables to increase vitamin C and eating more broccoli as a source 
of iron. 
 
[6] marks out of [6] awarded for question part 
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Q3b The doctor also found that the woman was drinking eight units of alcohol 
per day on two days every week. 

 
Give two pieces of advice the doctor would give to the woman to reduce 
her health risks from drinking alcohol.  [2] 

 
Student’s response 

Reduce her units per week from 16 to around 12 and spread the amount of Alcohol 
she drinks over seven days. 

Examiner’s comments 

In part (b) the candidate correctly recommended that the woman reduce her alcohol 
intake to no more than 14 units per week, and that she needed to spread the units 
evenly over three days or more. 
 
[2] marks out of [2] awarded for question part 
 
 
Q3c The doctor requested a blood test for the woman.  The results showed that 

the woman had low haemoglobin levels. 
 

Explain how low levels of haemoglobin in the blood would result in the 
woman being pale and tired.  [2] 

 
Student’s response 

Pale Blood would have less oxygen in it and oxygenated blood is more bright red 
rather than deoxygenated blood. 

Tired She would have less oxygen intake for respiration and therefore would not be 
making as much energy. 

Examiner’s comments 

In part (c) the candidate correctly identified that the woman was pale due to reduced 
oxygenated blood, and that she was tired due to the low oxygen levels available for 
respiration and, therefore, energy production. 
 
[2] marks out of [2] awarded for question part 
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Q4 A 20-year-old male carries out low levels of physical exercise. 
Give six specific adverse effects on his health if his low level of physical 
exercise continues over several years.  [6] 

 
Quality of written communication is assessed in this question. 

 
Student’s response 

As a 20 old male it is very important that he takes part in regular physical exercise.  
One of the main effects a lack of exercise can have on the body is that it could cause 
him to become overweight as the years go on as his energy expenditure will be 
lower than the energy taken.  This is due to a lower BHR as he gets older.  Being 
obese can increase the risk of many diseases including diabetes, CHDs, cancers 
etc.  The cardiovascular and respiratory muscles will also become weaker resulting 
in other breathing related diseases like asthma.  It is important to exercise in order to 
maintain a healthy blood pressure, for a 20 year old male the normal rate is 125/80, 
however a lack of exercise can sometimes result in a change in one of these figures, 
leading to high blood pressure known as hypertension. 

This increases the risk of heart attacks and strokes which can very quickly lead to 
death if not dealt with soon enough.  High cholesterol can also be reduced by 
exercise and is caused by a lack of it as well.  The healthy recommended average 
cholesterol level is 4.0-6.5 MMS/litre of blood.  His vital capacity and peak expiratory 
flow may also be limited due to a lack of exercise as the lungs will be weak and 
inefficient the years go on and he gets older. 

Examiner’s comments 

The candidate identified five specific adverse effects on the man’s health if his low 
level of exercise continued over several years.  These were, weight gain, diabetes, 
respiratory disease, high blood pressure and elevated cholesterol levels.  The 
candidate exhibited excellent presentation, spelling, punctuation and grammar and 
so received an additional mark for quality of written communication. 
 
[6] marks out of [6] awarded for question part 
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Q5a(i) Blood glucose levels were measured in a healthy person over eight 
hours starting at 12.00 noon. The results are shown in the graph below. 

 
Describe the trend shown in the graph between 12.00 noon and 15.00 
hours.  [1] 
 

Student’s response 

Blood glucose levels rise between 12:00 and 13:00 due to eating carbohydrate rich 
meal.  Between the times of 13:00 and 15:00 blood glucose levels fall as the person 
has not been eating food. 
 
 
Q5a(ii) On the appropriate graph axis indicate, using arrows, two times where 

the levels of insulin would be the highest.  [2] 
 
Student’s response 
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Q5a(iii) Why is insulin released at these times?  [1] 
 
Student’s response 

The persons blood glucose has increased due to eating carbohydrate rich food 
which is absorbed and digested into blood.  Beta cells in islets of longerhans release 
insulin to lower the blood glucose levels. 
 
 
Q5a(iv) State two ways that insulin carries out its function.  [2] 
 
Student’s response 

Insulin is absorbed into the blood where it makes the liver cells take up glucose more 
rapidly and convert the glucose into glycogen which lowers blood glucose. 

Examiner’s comments 

In part (a) the candidate correctly described the trend in blood glucose levels 
between 12.00 noon and 15.00, namely an increase in blood glucose between 12.00 
and  13.00, followed by a decrease over the subsequent 2 hours.  The candidate 
correctly identified two times when levels of insulin would have been highest, 13.00 
and 18.00.  The candidate stated that insulin was released to lower blood glucose 
levels and provided two correct explanations as to how insulin performed this 
function, i.e. by stimulating liver cell uptake of blood glucose and conversion of 
glucose to glycogen. 
 
[6] marks out of [6] awarded for question part 
 
 
Q5b(i) Draw a dashed line on the graph opposite to show how the blood 

glucose levels of a person with untreated diabetes would differ from 
those of a healthy person between 12.00 noon–13.00 hours.  [2] 

 
Student’s response 

See graph 
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Q5b(ii) Explain why the blood glucose levels of a person with untreated 
diabetes would differ from those of a healthy person.  [1] 

 
Student’s response 

A person with diabetes is unable to produce enough insulin or their insulin doesn’t 
work properly so there is no insulin present to lower their blood glucose levels. 
 
 
Q5b(iii) State two reasons why people with diabetes should include complex 

carbohydrates rather than simple carbohydrates in their diet.  [2] 
 
Student’s response 

Complex carbohydrates are digested into the blood slowly.  Also, they slow the rate 
of sugar absorption into the blood, to prevent quick and significantly high rises in 
blood glucose levels.  With complex carbohydrates you will get a slow rise in blood 
glucose levels. 

Examiner’s comments 

In part (b) the candidate correctly identified that levels of blood glucose for untreated 
diabetes would be higher than those of a healthy person between 12 noon and 
13.00.  The candidate did not, however, correctly identify that at 12 noon the dashed 
line should begin above 80 mg dL-1 for the person with untreated diabetes, instead 
the candidate started the line at the same point (0, 12.00; 80 mg dL-1) as for the 
healthy person.  The candidate identified that differences in blood glucose levels 
between a person with untreated diabetes and those of a healthy person were due to 
lower levels of insulin being produced.  The candidate identified one (out of the two 
required) correct reason for why people with diabetes should favour complex 
carbohydrates, i.e. to achieve a slow rise in blood glucose levels and avoid blood 
glucose spikes associated with simple carbohydrates .  
 
[3] marks out of [5] awarded for question part 
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Q6a(i) A scientist wanted to find out whether taking a cholesterol-lowering 
drink or a cholesterol-lowering drug was more effective in reducing 
fasting blood cholesterol to healthy levels (5.0 mmol L–1 or less). 
 
The scientist divided thirty healthy men aged 55, all with slightly 
elevated fasting cholesterol levels, into three groups. 
All the men ate the same normal diet during the investigation. 
 
Group 1: Ten men took one cholesterol-lowering drug each day. 
 
Group 2: Ten men took one cholesterol-lowering drink each day. 
 
Group 3: Ten men continued to eat a normal diet. 
 
The investigation was carried out for twelve weeks. 
Fasting blood cholesterol levels were measured in all thirty men before 
the beginning of the investigation (week 0) and during weeks 4, 8 and 
12. 
The results are shown in the table below. 

 
Mean fasting blood cholesterol levels/mmolL–1 

 Week 0 Week 4 Week 8 Week 12 

Group 1 6.7 4.8 4.3 4.0 

Group 2 6.7 5.5 5.1 5.0 

Group 3 6.6 6.6 6.6 6.6 
Source: Principal examiner 

 

State the main function of cholesterol in the human body.  [1] 
 
Student’s response 

Making the cytoplasm in cells. 
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Q6a(ii) State the main effect of persistently high cholesterol levels on a 
person’s health.  [1] 

 
Student’s response 

Increased chance of getting heart disease. 

Examiner’s comments 

In part (a) in common with the majority of candidates, this candidate was unable to 
identify the main functions (cell membrane structure and function/ steroid 
biosynthesis) of cholesterol in the human body.  The candidate did correctly identify 
heart disease as a consequence of persistently high cholesterol levels. 
 
[1] mark out of [2] awarded for question part 
 
 
Q6b(i) Explain two ways that the scientist helped to ensure that the results 

were valid.  [2] 
 
Student’s response 

1. all the men were the same age 

2. all the men ate the same diet 
 
 
Q6b(ii) Give two factors, not already mentioned in the investigation, that could 

have affected the fasting blood cholesterol levels of the men.  [2] 
 
Student’s response 

1. BMI 

2. Amount of exercise carried out 
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Q6b(iii) Explain the purpose of Group 3 in this investigation.  [1] 
 
Student’s response 

To show how high the cholesterol levels would be without the cholesterol lowering 
drink and drug. 

Examiner’s comments 

In part (b) the candidate identified age and diet as ways in which the scientist 
ensured that results were valid.  The candidate also correctly provided two additional 
factors that could have affected fasting blood cholesterol levels, exercise and BMI.  
 
[5] marks out of [5] awarded for question part 
 
 
Q6c Using the information given and appropriate data from the table, analyse 

how effective each cholesterol-lowering method was in reducing fasting 
blood cholesterol.  [4] 

 
Student’s response 

The cholesterol lowering drug was very effective as it made the cholesterol levels go 
down by 2.7 mmol/L, the drug also lowered the cholesterol quickly.  The cholesterol 
lowering drink was also effective but not as much as the drug as it only reduced 
cholesterol levels by 1.7 mmol/L, and it was not as quick at lowering the cholesterol. 

Examiner’s comments 

In part (c) the candidate provided figures to substantiate that both the drink and drug 
reduced cholesterol levels, as well as identifying that the drug was more effective.  
The candidate also compared the time taken for each cholesterol-reducing treatment 
to achieve their effect and identified that the drink worked less quickly.  An additional 
mark could have been gained by identifying that both the drink and drug reduced 
cholesterol to healthy levels, or better than healthy levels (drug).  
 
[3] marks out of [4] awarded for question part 
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Q7a(i) The diagram below represents the structure of a molecule of ATP. 
 
 
 
 
 
 
 
 

Identify the component labelled X.  [1] 
 
Student’s response 

X Ribose 
 
 
Q7a(ii) Explain how ATP is produced in the electron transport chain.  [6] 
 
Student’s response 

Hydrogen carriers NAD and FAD carry hydrogen from the link reaction krebs cycle to 
the electron transport chain.  The electron transport chain takes place in the cristae 
of the mitrochondria.  The hydrogen is split into electrons and protons, the electrons 
are passed along by cytochromes.  They undergo a series of redox reactions, of 
progressively reducing energy.  The energy is released and used for the reaction 
ADP+Pi →ATP.  The electrons and protons and combined with water, the last 
acceptor.  The electron transport chain produces 34 ATP molecules, each NAD 
produces 3 and each FAD produces 2. 

Examiner’s comments 

In part (a), the candidate correctly identified component X as ribose and achieved all 
6 available marks in comprehensively explaining ATP production in the electron 
transport chain. 
 
[7] marks out of [7] awarded for question part 
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Q7b Both aerobic and anaerobic respiration produce ATP. 
 

Give three differences between aerobic and anaerobic respiration in muscle 
cells.  [3] 

 
Student’s response 

1. Aerobic respiration happens in the presence of oxygen whereas anaerobic 
happens with no oxygen. 

2. Anaerobic respiration can produce lactic acid as a by product and can cause pain 
cause pain in the muscles.  

3. Aerobic respiration produces 38ATP whereas Anaerobic produces only 2. 

Examiner’s comments 

In part (b) the candidate correctly provided three differences between aerobic and 
anaerobic respiration, namely the requirement for oxygen, the production of lactic 
acid and the differential in level of ATP production. 
 
[3] marks out of [3] awarded for question part 
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Q1a Butane gas can be used in portable home heaters or camping stoves, 
however recently there have been some health and safety issues regarding 
the use of these. If there is not a sufficient supply of oxygen then the 
poisonous gas carbon monoxide will form on combustion rather than 
carbon dioxide. 

 
Define the term enthalpy of combustion.  [2] 

 
Student’s response 

This is the enthalpy change when one mole of a substance is completely burnt in 
oxygen under standard conditions. 

Examiner’s comments 

The candidate correctly defined the term enthalpy of combustion and included the 
key phrases enthalpy change, one mole and completely burnt. 

[2] marks out of [2] awarded for question part 

 
 
Q1b(i) A chemistry student has been asked to find the enthalpy change for the 

combustion of butane in the laboratory, using a camping stove as the 
source of butane. 

 
List the main pieces of apparatus and materials needed for this 
experiment.  [3] 

 
Student’s response 

Calorimeter 

Measuring Cylinder 

Thermometer 

Examiner’s comments 

The candidate correctly identified three pieces of apparatus required to find the 
enthalpy change of combustion for butane. 

[3] marks out of [3] awarded for question part 
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Q1b(ii) Suggest two sources of error for this experiment.  [2] 
 
Student’s response 

1 Heat loss 

2 Incomplete combustion 

Examiner’s comments 

Two sources of error were correctly identified for the experiment. 

[2] marks out of [2] awarded for question part 

 
Q1c(i) Butane burns to release energy according to the equation below. 

 

 
 

Use the average bond enthalpy data given below to calculate the 
enthalpy change for the combustion of one mole of butane. 
Show your working.  [4] 

 
 

Bond Average bond enthalpy/kJmol–1 

C__C 347 

C
_

H 413 

C=O 799 
O__H 467 
O=O 495 
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Student’s response 

 

____-2673.5________ kJ mol–1 

Examiner’s comments 

The candidate completed the calculation using the bond enthalpy data correctly.  
The working out was all correct and very clearly laid out. 

[4] marks out of [4] awarded for question part 
 
 
Q1c(ii) Suggest why the enthalpy change for the combustion of propane (C3H8) 

has a lower value than that of butane (C4H10).  [1] 
 
Student’s response 

There are less bonds to be broken in propane than there is butane. 

Examiner’s comments 

Although the candidate stated that there were less bonds broken, to gain full credit 
they also had to state that there were less bonds made. 

[0] marks out of [1] awarded for question part 
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Q1d(i) Hess’s law can be used to calculate enthalpy changes such as the 
enthalpy of formation of butane (C4H10), which cannot be measured 
directly by experiment. Hess’s law is based on the principle of 
conservation of energy. 

 
State the principle of conservation of energy.  [2] 

Student’s response 

Energy cannot be destroyed or created only transferred from one form to another. 

Examiner’s comments 

The correct statement of the Principle of Conservation of Energy was given. 

[2] marks out of [2] awarded for question part 

 
 
Q1d(ii) Complete and balance the equation for the enthalpy of formation of 

butane.  [1] 
 

C   +   H2   → 
 
Student’s response 

4C   +  5H2   → C4  H10 

Examiner’s comments 

The candidate correctly completed and balanced the equation for the formation of 
butane. 

[1] mark out of [1] awarded for question part 
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Q1d(iii) Use the standard enthalpy of combustion data below to calculate the 
standard enthalpy of formation of butane.  [3] 

 
 Standard enthalpy of combustion/kJ mol–1 

Butane (C4H10) –2877.5 

Carbon (C) –393.5 

Hydrogen (H2) –285.8 

 

Student’s response 

 
 -125.5          kJ mol–1 

 

Examiner’s comments 

The candidate correctly calculated the standard enthalpy of formation of butane.  
The calculation was clearly set out. 

[3] marks out of [3] awarded for question part 
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Q2a Industrial chemists often use heterogeneous catalysts; for example a 
vanadium(V) oxide catalyst is used in the manufacture of sulfuric acid. 

 
The second stage in the manufacture of sulfuric acid is the reaction of 
sulfur dioxide with oxygen. Write a balanced symbol equation for this stage.  
[2] 

 
Student’s response 

SO2 + 𝟏𝟏
𝟐𝟐
 O2 ⇋  SO3 

 
Examiner’s comments 

The correct balanced symbol equation was given for the conversion of sulfur dioxide 
to sulfur trioxide. 

[2] marks out of [2] awarded for question part 

 
 
Q2b  Define the term heterogeneous catalyst.  [3] 
 
Student’s response 

This is when the catalyst is in a different state (phase) to the reactants. 

Examiner’s comments 

Although the correct definition for heterogeneous was stated, the candidate omitted 
the definition of the term catalyst as a substance that increases the rate of a reaction 
without being used up in the reaction.  This was quite a common error. 

[1] mark out of [3] awarded for question part 
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Q2c(i) Define the term activation energy.  [2] 
 
Student’s response 

This is the minimum amount of energy needed for a reaction to take place. 

Examiner’s comments 

The candidate stated the correct definition of the term activation energy. 

[2] marks out of [2] awarded for question part 

 
 
Q2c(ii) On the axes below, draw a Maxwell–Boltzmann distribution curve for 

the reaction in part (a). Include labels on the axes and a label showing 
the activation energy (EA).  [3] 

 

Student’s response 

 

 

 

 

 

 

Examiner’s comments 

The candidate correctly labelled the axis and drew the curve for a Maxwell-
Boltzmann distribution.  The Activation Energy was also clearly labelled. 

[3] marks out of [3] awarded for question part 
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Q2c(iii) Explain, in terms of activation energy, why using a catalyst increases 
the rate of the reaction.  [3] 

 
Student’s response 

The catalyst creates an alternative pathway of lower activation energy.  This means 
more particles will have energy more than or equal to the activation energy so there 
will be more frequent & successful collisions. 

Examiner’s comments 

The candidate clearly explained how using a catalyst would increase the rate of 
reaction by providing an alternative pathway with a lower activation energy and so 
meaning that more particles will have energy equal to or greater than the activation 
energy. 

[3] marks out of [3] awarded for question part 
 
 
Q2c(iv) Describe how the Maxwell–Boltzmann distribution curve would change 

if this reaction was carried out at a higher temperature.  [2] 
 
Student’s response 

The curve would be lower and shifted to the right. 

Examiner’s comments 

Although the candidate stated that the Maxwell-Boltzmann curve would move to the 
right and lower, this is not strictly correct, it is the peak of the curve that moves so 
full credit could not be given 

[1] mark out of [2] awarded for question part 
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Q3a(i) A student is required to carry out a titration to determine the 
concentration of a sulfuric acid sample. 25.0cm3 portions of sulfuric acid 
were titrated against a standard solution of 0.100M sodium hydroxide. 
The equation for the reaction is shown below. 

 
H2SO4(aq)   +   2NaOH(aq)   →  Na2SO4(aq)   +   2H2O(l) 

 
What is meant by the term standard solution?  [1] 

 
Student’s response 

Standard solution is a solution where the concentration is known. 

Examiner’s comments 

The candidate stated correctly the meaning of the term standard solution. 
 
[1] mark out of [1] awarded for question part 
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Q3a(ii) Describe how the student would carry out the titration to determine 
accurately the concentration of the sulfuric acid sample. 

 
Your answer should include how to: 
• measure out and transfer 25.0cm3 of sulfuric acid solution to the    
  conical flask 
• prepare and fill the burette 
• carry out the titration 
 
You will be assessed on the quality of your written 
communication.  [8] 

 
Student’s response 

Prepare a pipette by running sulphuric acid down it.  Using a pipette and a pipette 
filler measure out 25cm3 of the sulphuric acid and transfer into the concial flask.  Add 
2 drops of the phenophollein indicator to the conical flask.  Run water down the 
burette then run O.I.M Sodium hydroxide down it.  Attach burette to the retort stand.  
Using a filter funnel pour in the O.I.M Sodium hydroxide to the burette untill about 
1cm away from the zero mark.  Using a dropper fill the burette until the miniscus is 
exactly on the line.  Place the conical flask below the burette.  Slowly turn on the 
burette tap and simultaneously swirl the conical flask below it.  Keep dropping 
sodium hydroxide into the sulphuric acid until the colour changes making sure not to 
over shoot the end point.  This is your rough titration.  Record this in a results table 
and Titrate again going slower coming near to the end point.  Repeat the titration 
until there is at least to concordant results.  Find the average Titre and use this to 
find the concentration of sulphuric acid. 

Examiner’s comments 

The candidate gave an excellent account of how to carry out a titration.  Including the 
method for measuring and transferring the acid to the conical flask, how to prepare 
the burette and the method for carrying out an accurate and reliable titration.  The 
spelling, punctuation and grammar were of an excellent standard. 

Mark Band A and [8] marks out of [8] awarded for question part 

 
 

  



32 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q3b(i) The student has chosen to use phenolphthalein indicator to identify the end 
point of the reaction. Suggest why this is a suitable indicator.  [1] 

 
Student’s response 

The student is using a strong acid & a strong alkali. 

Examiner’s comments 

The candidate clearly stated that there was a strong alkali involved in the titration 
and this was the reason for using phenolphthalein. 

[1] mark out of [1] awarded for question part 
 

Q3b(ii) State the colour change of phenolphthalein at the end point.  [2] 
 
 

Student’s response 

From _______colourless__________ to _________pink________________  
 

Examiner’s comments 

The candidate gave the correct colour change for the end-point of the titration.  Many 
candidates gave the colour change the wrong way round. 

[2] marks out of [2] awarded for question part 
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Q3c(i) The student’s results are shown below. 
 

 Initial burette 
reading/cm3 

Final burette 
reading/cm3 Titre/cm3 

Rough 0.00 24.50 24.50 

1st accurate 24.50 47.90  

2nd accurate 0.00 23.30  

 
Complete the results table above. [1] 

 
Student’s response 

 Initial burette 
reading/cm3 

Final burette 
reading/cm3 Titre/cm3 

Rough 0.00 24.50 24.50 

1st accurate 24.50 47.90 23.40 

2nd accurate 0.00 23.30 23.30 

 

Examiner’s comments 

The candidate correctly completed the table of results giving values to two decimal 
places. 

[1] mark out of [1] awarded for question part 
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Q3c(ii) Calculate the mean titre.  [2] 
 
 
Student’s response 

23.40 + 23.30 /2 =  23.35__ cm3  
 

Examiner’s comments 

The candidate correctly calculated the mean titre, ignoring the rough titre. 

[2] marks out of [2] awarded for question part 

 
 
Q3d(i) The equation for the reaction is: 
 

H2SO4(aq)  +  2NaOH(aq)  →  Na2SO4(aq)  +  2H2O(l) 
 
 
Use the mean titre from (c)(ii) to calculate the number of moles of  
0.100 M sodium hydroxide used in the titration. [2] 
 

Student’s response 

 
 
 
 
 
 
 
 
 
 

 
        2.335×10-3                       moles 

 

Examiner’s comments 

The calculation was clearly laid out and correctly completed to find the number of 
moles of sodium hydroxide used in the titration. 

[2] marks out of [2] awarded for question part 
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Q3d(ii) Use your answer to (d)(i) and the equation to calculate the 
concentration of the sulfuric acid in the sample.  [2] 

 
Student’s response 
 

 

_______0.0467____ mol dm–3  

Examiner’s comments 

The candidate correctly used the ratio from the equation to calculate the 
concentration of the sulfuric acid. 

[2] marks out of [2] awarded for question part 
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Q4a Chemical engineers must consider many costs when developing industrial 
processes. Two of these costs are capital and direct. 
Explain these terms.  [2] 

 
Student’s response 

Capital costs This is a one off cost such as the cost of building the manufacturing 
site. 

 
Direct costs This is costs that relate directly to the process, e.g. energy, 

chemicals and labour. 

Examiner’s comments 

The candidate clearly defined the terms capital and direct costs.  Many candidates 
only gave examples of these types of costs, rather than a definition. 

[2] marks out of [2] awarded for question part 
 
 
Q4b Suggest three effects on the environment that the construction of a new 

chemical manufacturing plant may have.  [3] 
 
Student’s response 

1 More CO2 released into atmosphere due to the burning of fossil fuels. 

2 Acid rain 

3 Global warming 

Examiner’s comments 

The candidate gave two effects on the environment of the construction of a chemical 
plant.  The response that more carbon dioxide was released was not accepted as a 
correct response unless the candidate the related this to global warming.  Alternative 
answers could have included: noise pollution, eyesore, destruction of natural habitats 
or destruction of flora and fauna. 

[2] marks out of [3] awarded for question part 
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Q5a(i) Ammonia is produced using the Haber process. The conditions are 
carefully selected to produce the ammonia efficiently. 

 
The graph below shows the percentage of ammonia produced at 
equilibrium when different conditions of pressure and temperature are 
used. 

 
Use the graph to describe the trends in the percentage of ammonia 
produced at equilibrium under different conditions.  [2] 

 
Student’s response 

As the pressure increases the percentage of ammonia produced at equilibrium 
increases.  As temperature increases the percentage of ammonia produced at 
equilibrium decreases. 

Examiner’s comments 

The candidate clearly and precisely described the two trends shown in the graphs. 

[2] marks out of [2] awarded for question part 
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Q5a(ii) Use the graph to determine the percentage of ammonia produced at 
equilibrium if a temperature of 400 °C and a pressure of 300 atm were 
used.  [1] 

 
Student’s response 

__________38_______ %  
 

Examiner’s comments 

The candidate used the graphs to correctly determine the percentage of ammonia 
produced at equilibrium at the stated temperature and pressure. 

[1] mark out of [1] awarded for question part 

 
 
Q5a(iii) The equation for the Haber process is: 
 
 
 
 

State and explain the effect of increasing each of the following on the 
position of equilibrium in this reaction. [4] 

 
Student’s response 

Temperature increasing temperature decreases the yield as equilibrium shifts to 
oppose the change by decreasing the temperature therefore 
increasing the backwards endothermic reaction.  Equilibrium shifts to 
the left. 

 
Pressure increasing pressure, equilibrium shifts to oppose the change by 

decreasing therefore moving to the side with fewer gaseons.  
Equilibrium shifts to the right therefore increasing yield. 

 
Examiner’s comments 

The candidate clearly and precisely stated the effect of increasing the temperature 
and pressure on the production of ammonia and explained each effect. 

[4] marks out of [4] awarded for question part 
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Q5b(i) Ammonia gas can be reacted with hydrogen chloride gas to produce 
solid ammonium chloride, which is used as a fertiliser.  This is shown in 
the equation below: 

 
NH3(g) + HCl(g) → NH4Cl(s) 

 
Calculate the relative formula mass of ammonium chloride.  [1] 

 
Student’s response 

14 + [𝟒𝟒 × 𝟏𝟏] + 35.5 = 53.5 

Examiner’s comments 

The candidate correctly calculated the relative formula mass of ammonium chloride. 

[1] mark out of [1] awarded for question part 
 
 
Q5b(ii) Calculate the maximum mass in kilograms of ammonium chloride that 

can be produced from 912.5 g of hydrogen chloride. 
 
Student’s response 
 

 

___1.3375____ kg [4] 
 
Examiner’s comments 

The candidate correctly calculated the maximum mass of ammonium chloride that 
would be produced from the stated mass of hydrogen chloride.  The calculations 
were logical and clearly displayed. 

[4] marks out of [4] awarded for question part  
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Q5b(iii) In an experiment a yield of 1.15 kg of ammonium chloride was 
obtained. Using your answer to (b)(ii), calculate the percentage yield 
giving your answer to 2 decimal places.  [2] 

 
Student’s response 

 
Percentage yield  =  actual yield  
      Theoretical yield 
 

  = 1.15
1.3375

   
 
____85.98________ %  
 

Examiner’s comments 

The candidate correctly calculated the percentage yield, the formula that was used 
was evident and calculations laid out clearly. 

[2] marks out of [2] awarded for question part 
 

  

× 100 

× 100 
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Q5c(i) Selective catalytic reduction (SCR) involves injecting ammonia into flue 
gases of factory chimneys.  This is done in the presence of a catalyst 
such as tungsten oxide and it removes harmful nitrogen monoxide from 
the emissions.  This produces nitrogen which is a less polluting gas. 

 
Balance the equation below for this process.  [1] 

 
 
 
Student’s response 

6 NO + 4 NH3     5 N2 + 6H2O 

Examiner’s comments 

The candidate correctly balanced the equation that was given. 
 
[1] mark out of [1] awarded for question part 
 
 
Q5c(ii) Every hour a chimney in a factory produces 33 moles of nitrogen 

monoxide.  Using your answer to (c)(i), calculate how many moles of 
ammonia would be needed to completely change this into nitrogen gas.  
[1] 

 
Student’s response 

N = 33 

33/6  =  5.5 × 4 + 22 

_______22______ moles 

Examiner’s comments 

The candidate correctly used the ratio displayed in the equation from (b)(i) to work 
out the number of moles of ammonia. 

[1] mark out of [1] awarded for question part 
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Q5c(iii) The catalyst involved in SCR needs to be monitored closely to ensure it 
does not become poisoned. Explain the process of catalytic poisoning.  
[2] 

 
Student’s response 

Catalytic poisoning is when something no part of the reaction becomes adsorbed 
onto the catalysts.  It blocks the active sites and stops the reactant molecules 
becoming adsorbed and therefore the catalyst no longer works effectively. 

Examiner’s comments 

The candidate clearly explained the process of catalytic poisoning, there was a good 
level of scientific knowledge, the key terms of adsorption and active sites were 
used in the explanation. 

[2] marks out of [2] awarded for question part 
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Q1(i) The Vickers Hardness Test (VHT) is one method to measure the hardness 
of a material. 

 
In the VHT an indenter is used to make an indent in the material being 
tested. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What material is the indenter generally made from?  [1] 
 
 
Student’s response 

Diamond 

 
Q1(ii)  Describe fully the shape of the indenter.  [2] 
 
 
Student’s response 

Square based pyramid, (4 faces) with opposite faces being 136° apart. 

 
Q1(iii) For approximately how long is the force applied to the material being 

tested?  [1] 
 
Student’s response 

10-15s 
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Q1(iv) What units may be used to express the Vickers Hardness Number?  [1] 
 
Student’s response 

Nm-2 

 
Examiner’s comments 

It required the candidate to recall basic facts about the Vickers Hardness Test: 
i. that the indenter is generally made of diamond; 
ii. that the indenter is a square based pyramid; with an angle of 136o between 

the faces; 
iii. that the force is applied for 10-15 seconds and 
iv. the unit is the Nm-2. 

 
Candidates were credited in part (ii) for reference to an angle of 136±2o, even if they 
did not indicate that this was the angle between the faces.  Reference to the angle 
discriminated between candidates near the top of the mark range. 
 
Some candidates referred to other units for the VHT and correct responses were 
given full credit. 
 
The question addressed the same subject matter as Q1b of the Specimen 
Assessment Materials, but in a more structured way.  Centres may also find it useful 
to refer to the free response question in the SAM to see the level of detail required. 
 
[5] marks out of [5] awarded for this question part 
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Q2(i) An unstretched copper wire is 2.00 m long and has a diameter of 0.28 
mm.  A student carries out an investigation on this wire to determine its 
Young Modulus.  The student finds that a force of 5.50 N causes the 
wire to extend by 1.53 mm. 

 
 
 

Show clearly how it can be deduced that when the force in the wire is  
5.50 N, the stress is approximately 8.93 × 107 N m–2.  [4] 

 
Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



47 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2(ii) Calculate the strain in the wire.   
 

You are advised to show your working.  [3] 
 
Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Strain = _____7.65 ×10-4________ 
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Q2(iii) Calculate the Young Modulus for copper. 
 

You are advised to show your working.  [4] 
 
 
Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Young Modulus =_____1.167 × 1011 Nm-2_________ 
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Q2(iv) The student tests the wire to the point of fracture, B, and then sketches 
a graph of stress against strain. 
The graph is shown below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Describe what is happening to the wire at points L, E and Y.:  [3] 
 
Student’s response 

L Proportional Limit 
 
E Yield strength/elastic limit 
 
Y Plastic behaviour begins 

 
Examiner’s comments 

This question attracted a total mark of 14 marks and was divided into 4 part. 
 
Part (i) required candidates to calculate the stress in a copper wire.  Weaker 
candidates attempted to do this from the definition of the Young Modulus and quickly 
got into difficulties since the value of the strain is unknown.  The exemplified 
response shows the correct approach using the definition of stress as the ratio of 
force to cross section area.  Some candidates found calculation of the cross section 
area in the correct unit very challenging; either they calculated the area in mm2 and 
were unable to convert that to m2, or they attempted to convert the diameter from 
millimetres to metres first and made 10n errors. 
 
Part (ii) required candidates to calculate strain.  The best starting point, as 
exemplified, is to write down the correct definition of strain and then make the 
appropriate substitutions.  However, the candidate needs to be aware that the 
extension and original length must be in the same units.  In the exemplified response 
the candidate converts the extension from millimetres to metres before carrying out 
the arithmetic.  
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Part (iii) required candidates to find the Young Modulus for copper.  This required 
recall of the definition of the modulus, substitution into the equation and a little 
arithmetic.  Full credit was given to candidates who carried forward an incorrect 
value from part (ii).  The exemplified response also shows the candidate providing 
the correct unit for the Young Modulus.  The unit, which was omitted from the 
answers of many candidates, attracted one mark. 
 
Part (iv) required recognition of the limit of proportionality, the elastic limit and the 
yield point on a stress-strain curve.  This was straightforward recall. 
 
[13] marks out of [14] awarded for this question part 
 
 
Q3(i)  A laboratory has a supply of salt water solution of density  

1.08 g cm–3. 
 

The density of pure water is 1.00 g cm–3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Calculate the mass of salt present in 500 cm3 of salt water solution of 
density 1.08 g cm–3. 

 
You may assume that there is no change in the volume of the solution 
when salt is added to water. 

  
You are advised to show your working.  [4] 
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Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
Mass of salt = _______540___________ g 

 
Q3(ii) A technician is asked to prepare a solution of salt water of density 1.04 

g cm–3. 
The technician does this by adding pure water to a 500 cm3 sample of 
the salt water of density 1.08 g cm–3. 
 
Calculate how much additional pure water the technician must add, 
assuming the density of pure water is 1.00 g cm–3. 
 
You are advised to show your working.  [4] 

 
 
Student’s response 

 
 
 
 
 
 
 
 
 
 
Volume =______500______cm3 
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Q3(iii) Complete the graph below to illustrate how the density of the solution 
changes as increasing amounts of pure water are added to the solution.  
[2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
Examiner’s comments 

This question on density attracted a total of 10 marks and was divided into 3 parts. 
 
Part (i) required candidates to recall the equation for density and use it to find the 
mass of dissolved salt in a particular solution.  The exemplified response was typical 
of many grade A students.  It shows the use of the density = mass/volume equation 
to obtain the mass of the solution as 540 grams.  However, it also exemplifies the 
most common error seen by examiners.  The student omits subtracting the mass of 
the water itself (500 grams) to obtain the mass of the salt as 40 grams. 
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Part (ii) was a problem which might be faced by any science technician.  The easy 
way to solve it was to observe that the new solution could have only 40 grams of 
dissolved salt in every 1000 cm3 of solution.  The existing solution had 40 grams of 
salt in 500 cm3 of solution, so an additional 500 cm3 (500 grams) of water had to be 
added.  The exemplified response shows a candidate starting to ask the right 
question – if water has a density of 1 g/cm3, what happens when 500 cm3 of water 
are added to the solution?  The candidate obtained full marks because the correct 
answer was provided, even though it was not supported by a calculation.  This 
question was very discriminating among candidates at the upper end of the ability 
range. 
 
Part (iii) was not one which candidates would have encountered before and its 
solution required some creativity.  Candidates were expected to realise that as 
additional water was added, the density of the solution would fall from 1.08 g cm-3, 
but never fall below 1.00 g cm-3.  The decrease is non-linear and asymptotic to the 
horizontal at 1.00 g cm-3.  However, examiners were happy to see a decreasing 
curve from 1.08 which remained above 1.00.  The exemplified response shows what 
was seen in the best scripts. 
 
[9] marks out of [10] awarded for this question part 
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Q4a(i) Graphite and graphene are two different forms of the same element. 
 

What is the name of the element?  [1] 
 
 
Student’s response 

Carbon 

Q4a(ii) In the space below draw a diagram to show the structure of graphite.  
[2] 

 
Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q4a(iii) In what way is the structure of graphene different from that of 

graphite?  [1] 
 
Student’s response 

Graphenes layers are one atom thick. 

 
Q4b(i) Describe the structure of a carbon nanotube.  [1] 
 
Student’s response 

A carbon nanotube is a graphene layer rolled up into a tight cylinder and has 
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Q4b(ii) Suggest two properties of carbon nanotubes that make them 
particularly suitable in the treatment of cancer.  [2] 

 
Student’s response 

1 penetrate cells easily. 

2 do not affect normal/undamaged cells. 

Examiner’s comments 

 
This question on graphite and graphene attracted a total of 7 marks and was divided 
into 5 parts.  Five of the seven marks required the recall of factual information. 
 
Part (a) (i) required recall that both graphite and graphene are allotropes of carbon.  
Grade A candidates had no difficulty with this part. 
 
Part (a) (ii) required candidates to show the atoms in graphite are arranged in 
hexagons, with one layer parallel above another.  The exemplified response was 
typical of grade A candidates.  Centres should note that a simple diagram, like that 
shown, was all that was required. 
 
Part (a) (iii) required recall that graphene is a one atom thick layer of graphite.  
Grade A candidates had no difficulty with this part. 
 
Part (b) (i) required candidates to recall that a carbon nanotube was a single layer of 
graphene rolled into a tight tube.  Grade A candidates had no difficulty with this part. 
 
Part (b) (ii) required recall of two properties of carbon nanotubes that make them 
suitable in treating cancer.  Centres will see from the published mark scheme that a 
large number of responses were equally acceptable.  However, the exemplified 
response was most commonly seen. 
 
[7] marks out of [7] awarded for this question part 
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Q5 Alloys are sometimes prepared through the process of annealing. 
 

State what is meant by an alloy and describe the process of annealing. 
Explain the benefits of the annealing process.  [6] 

 
You will be assessed on the quality of your written communication. 

 
Student’s response 

Meaning of an alloy 
 
An alloy is a mixture of two or more elements, one of which is a metal. 
 
Process of annealing 
 
Annealing is when a metal is heated to above its recrystallisation temperature, and 
then allowed to cool slowly in air.  This forms large grains or crystals in the metals 
structure. 
 
Explanation of benefits 
 
Annealings allows the forming of large grains or crystals in pre metals structure.  
This makes the metal soft so it is easy to cut and shape. 
 
Examiner’s comments 

This free response question on the annealing of alloys attracted 6 marks.  It 
highlights the importance of learning definitions accurately and gaining experience of 
writing continuous prose and getting feedback on it. 
 
Many candidates described an alloy as a mixture of two or more elements and 
gained one mark.  Only the better candidates, as exemplified here, went on to say 
that at least one of the elements had to be a metal and gained the second mark. 
 
In describing the process of annealing, many candidates were content to say the 
metal was heated and then allowed to cool.  This gained only one of the three marks 
available.  Typically, a grade A candidate, as exemplified here, would go on to say 
that the alloy had to be heated to above its recrystallisation temperature and that the 
cooling had to be slow.  In some cases, reference to slow cooling was omitted, in 
others there was incorrect reference to rapid cooling or quenching. 
 
A typical grade A candidate, as exemplified here, had no difficulty recalling the 
benefits of annealing in terms of making the alloy easier to cut, and shape. 
 
The banded mark scheme gave 1 mark for the quality of the written communication 
of the candidate.  The grade A response, exemplified here, would be in the highest 
band for the quality of the response (5 – 6 marks) and would then have picked up the 
QWC mark, in accordance with the marking criteria. 
 
[6] marks out of [6] awarded for this question part  
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Q6a  What is meant by a biomaterial?  [1] 
 
Student’s response 

A material which is inserted into the body as a part of a medical device. 

 
Q6b Zirconia, also known as zirconium(IV) oxide, is a reliable bioinert material 

used extensively for dental implants. 
 
Describe fully what is meant by a bioinert material.  [2] 

 
 
Student’s response 

One that does not react with adjacent tissue in the body. 

 
Q6c(i) Bioglass is a bioactive material used by bone surgeons to enhance 

bone formation after surgery.  Such materials engage in ion transfer 
inside the patient where a fibrous capsule forms around the implant. 

 
 
 
 
 
 
 
 
 
 
 
 

Define the term bioactive.  [1] 
 
 
Student’s response 

This means the material does react with adjacent tissues in the body. 
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Q6c(ii) Bioglass is commonly made of nanoparticles on the surface of a metal. 
 

Approximately what size are nanoparticles?  [1] 
 
Student’s response 

X10-9 

 
Q6d When a patient has a section of jaw removed to treat a benign (non-

cancerous) tumour, it is necessary to fit a surgical implant.  
Recommend an appropriate material which could be used to 
manufacture a suitable implant and suggest two reasons for your 
answer.  [3] 

 
Student’s response 

Material: titanium alloy 
 
1. Almost completely chemically inert, it won’t react with the body tissue. 
 
2. It is a durable long-lasting, the patient wont/might not need a replacement for a 

long time. 
 
Examiner’s comments 

 
This question on the properties bio-materials attracted 8 marks and was divided into 
5 parts.  Like question 5, it highlights the importance of learning definitions 
accurately. 
 
Part (a) required recall that a biomaterial is one suitable for introduction into living 
tissue. 
Most grade A candidates were able to pick up this mark. 
 
Part (b) required candidates to recall two of the following points about bioinert 
materials: 

− that they do not release toxins; 
− that they are not rejected by the body; and 
− that they do not interact with biological tissue. 

The exemplified response illustrates that while grade A candidates could recall at 
least one of these facts, some were unable to do so.  Centres might advise 
candidates that where two marks are to be awarded for a particular answer, 
examiners generally expect to see two points in the response. 
 
Part (c) (i) required a definition of the term bioactive.  The exemplified response 
shows the type of response expected.  
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Part (c) (ii) asked for the approximate size of nanoparticles.  An answer of between 1 
and 100 nm was expected.  The exemplified response shows an answer of “ x 10-9”.  
This failed to gain credit because the unit was missing.  A response of 10-9 metres 
would have gained the mark. 
 
Part (d) was about the material used to replace a section of the jaw and the reasons 
for the choice.  Examiners expected to see titanium or zirconium as the material of 
choice, together with reasons relating to the strength, corrosion resistance and 
biotolerance or similar properties of the material.  The response exemplified gained 
full credit. 
 
[6] marks out of [8] awarded for this question part 
 
 
Q7a  Metals are generally excellent conductors of electricity. 

This is due to the way that the particles within a metal are arranged. 
Fig 7.1 below shows a simplified particle diagram for a metal. 

 
 
 
 
 
 
 
 
 
 
 

Complete Fig 7.1 to identify the particles.  [1] 
 
 
 
 
 
Student’s response 
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Q7b(i) A neutral silicon atom has 14 electrons in total. 
 

Complete Fig 7.2 below to show the electronic arrangement of the 
silicon atom. 
Each electron should be represented as a dot in the appropriate shell.  
[1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q7b(ii) Explain fully why pure silicon, at room temperature, is a poor conductor 

of electricity.  [2] 
 
Student’s response 

Pure silicon forms perfect covalent bonds, meaning there is no delocalised electrons 
free to carry the current. 
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Q7b(iii) Both n-type and p-type silicon are better electrical conductors than pure 
silicon. 

 
Tick () the appropriate boxes in the table below to identify the majority 
electrical charge carriers in n-type and p-type silicon.  [2] 

 
 n-type silicon p-type silicon 

Negative electrons   
Positive holes   
Negative holes   

 
 
Student’s response 

 n-type silicon p-type silicon 

Negative electrons   
Positive holes   
Negative holes   

 
 
Q7b(iv) What is added to pure silicon to change it into n-type silicon?  [1] 
 
Student’s response 

Phosphorus 
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Q7c(i) A PN junction diode consists of p-type silicon and n-type silicon joined 
together.  At the PN junction the majority charge carriers combine to 
create a depletion layer. 

 
 
 
 
 
 
 
 
 
 
 

Draw a circuit diagram showing a battery in series with a lamp and a 
diode in reverse bias. 
Use the correct symbols for the three components.  [2] 

 
Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
Q7c(ii) Explain briefly why the diode does not conduct electricity when it is in 

reverse bias.  [3] 
 
Student’s response 

Current cannot flow through the circuit as the diode is not connected properly, it is 
around the wrong way. 
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Examiner’s comments 

This question on the properties of metals and non-metals attracted 12 marks and 
was divided into 7 parts. 
 
Part (a) was about electrical conduction in metals.  It required candidates to identify 
the free electron and lattice ion (or atom) in the metal.  It was taken directly from the 
SAMs questions. 
 
Part (b) (i) was about the electronic configuration within an atom of the 
semiconductor silicon, given that it had 14 electrons.  The exemplified response 
illustrates that the candidate appreciated the configuration was (2,8,4) and could 
show this in the atom’s shells. 
 
Part (b) (ii) asked for an explanation of the poor electrical conductivity of silicon. 
Examiners expected to see references to the lack of delocalized electrons because 
the outer, valence electrons were involved in chemical bonding.  This is illustrated in 
the exemplified response. 
 
Part (b) (iii) was about the particles (majority charge carriers) responsible for 
electrical conduction in n-type and p-type silicon.  As exemplified, grade candidates 
had little difficulty identifying the negative electrons and positive holes respectively. 
 
Part (b) (iv) sought to assess candidates’ knowledge of the dopant in n-type silicon.  
Any Group V element was accepted.  In the exemplified response, the candidate 
correctly quoted phosphorus. 
 
Part (c) (i) was about an electrical experiment with which candidates should be 
familiar.  The circuit required knowledge of the electrical symbol for a diode and how 
it is deployed in reverse bias.  In the exemplified response, the candidate gains 1 
mark out of the two because the diode is the wrong way round. 
 
Part (c) (ii) required an explanation as to why the diode will not conduct in reverse 
bias.  Examiners had expected an answer in terms of what happens in the depletion 
layer.  The exemplified response correctly states that the diode is the wrong way 
round but no explanation is offered. 
 
[8] marks out of [12] awarded for this question part 
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Q8a(i) What is a polymer?  [1] 
 
Student’s response 

A long molecular chain made of monomers. 

 
Q8a(ii) Some polymeric materials are called thermosets.  Others are called 

thermoplastics. 
 
Describe carefully the differences between thermosets and 
thermoplastics in terms of: 
 
Response to heat 
 
Molecular structures  [4] 

 
 
Student’s response 

Response to heat 
 
Thermosets can only be heated and moulded once whereas thermoplastics can be 
heated and moulded multiple times. 
 
Molecular structures 
 
Thermosets will have crosslinks present whereas thermoplastics don’t.  This means 
thermosets are more rigid and stronger. 
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Q8b(i) PVC, also known as poly (vinyl chloride) or poly (chloroethene) is a 
polymer.  It comes in two forms:  plasticised PVC and unplasticised 
PVC (uPVC). 

 
uPVC is widely used to make sewage pipes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

State two properties of uPVC that make it particularly suitable for this 
purpose.  [2] 

 
 
Student’s response 

1 it is hard 

2 it is chemically unreactive 

 
Q8b(ii) State two common uses for plasticised PVC.  [2] 
 
 
Student’s response 

1 Clothing 

2 Flooring 
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Q8c(i) Smart materials are finding increasing uses.  For example, a 
quantumtunnelling composite (QTC) is a flexible polymer which 
contains tiny metal particles. 

 
State two applications of QTCs.  [2] 

 
Student’s response 

1 Touch screens on mobile phones. 

2 Thin, flexible keyboards for computers. 

 
Q8c(ii) A QTC is normally an electrical insulator.  How can it be made to 

conduct?  [1] 
 
Student’s response 

By squeezing the material 

 
 
Q8c(iii) Spectacle frames often bend with misuse.  Frames made of nitinol can 

return to their original shape on warming. 
 
 
 
 
 
 
 
 
 
 
 
 

What specific type of smart material could be used to make nitinol 
spectacle frames?  [1] 

 
Student’s response 

Shape memory alloy. 
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Examiner’s comments 

 
The last question attracted 13 marks and was divided into 7 parts. 
 
Part (a) (i) The question began with the definition of a polymer.  The exemplified 
response was typical of candidates achieving a grade A.  A polymer is a molecular 
chain of monomers. 
 
Part (a) (ii) asked candidates to describe the differences between thermosets and 
thermoplastics in respect of their response to heat and their molecular structure.  
The more able students realised that this required them to contrast both the 
properties and the structure.  As the exemplified response shows:  thermosets can 
be heated and moulded only once, while thermoplastics can be successfully 
remoulded multiple times; and thermosets have cross-links between polymer chains, 
while thermoplastics have no cross-links. 
 
Part (b) (i) asked for two properties of unplasticised PVC (uPVC) which makes that 
material suitable for use as sewage pipes.  An extensive, but not exhaustive, list of 
acceptable properties is given in the published mark scheme.  The exemplified 
response gives two such acceptable properties. 
 
Part (b) (ii) asked for two common uses of plasticised PVC.  The mark scheme gives 
an extensive list of uses.  The exemplified response gives two such uses:  clothing 
and flooring. 
 
Part (c) was about smart materials. 
 
Part (c) (i) asked for two applications of quantum tunnelling composites (QTCs).  
Some lost marks by writing vague answers such as “in mobile phones” or 
“keyboards”.  Better students, as exemplified here, wrote “touch screens on mobile 
phones” and “thin, flexible keyboards for use with a computer”. 
 
Part (c) (ii) asked how a QTC could be made to conduct electric current.  Grade A 
students, as exemplified here, indicated that the material had to be squeezed. 
 
Part (c) (iii) asked for the name of the type of smart material which, if bent, could 
regain its shape on warming.  Examiners were looking for Shape Memory Alloy, as 
shown in the exemplified response. 
 

[13] marks out of [13] awarded for this question part 
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	Some candidates referred to other units for the VHT and correct responses were given full credit.
	Many candidates described an alloy as a mixture of two or more elements and gained one mark.  Only the better candidates, as exemplified here, went on to say that at least one of the elements had to be a metal and gained the second mark.
	In describing the process of annealing, many candidates were content to say the metal was heated and then allowed to cool.  This gained only one of the three marks available.  Typically, a grade A candidate, as exemplified here, would go on to say tha...
	A typical grade A candidate, as exemplified here, had no difficulty recalling the benefits of annealing in terms of making the alloy easier to cut, and shape.
	The banded mark scheme gave 1 mark for the quality of the written communication of the candidate.  The grade A response, exemplified here, would be in the highest band for the quality of the response (5 – 6 marks) and would then have picked up the QWC...

