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Answer all the questions in the spaces provided.

1.	 Photosynthesis is the process by which green plants produce their own glucose. 

	 (a)  	 Complete the word equation for photosynthesis below.  	 [1]

		  ................................................................................  +  ................................................................................    glucose  +  oxygen

	 (b) 	 State three different ways green plants use the glucose they produce. 	 [3]

	

	

	

	

	 (c) 	 The rate of photosynthesis is affected by light intensity, temperature and carbon dioxide 
concentration as shown in the graph below. 

Experiment 3
25 °C; 0.4% CO2

Experiment 1
20 °C; 0.1% CO2

Experiment 2
15 °C; 0.04% CO2
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	 	 Use the information in the graph to describe how differences in light intensity, temperature 
and carbon dioxide concentration affect the rate of photosynthesis.	  [3]
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2.	 (a)	 Food poisoning is a notifiable disease in Wales. Doctors are required to report every case 
of food poisoning.  

	 (i) 	 Explain how some bacteria cause food poisoning. 	 [2]

	

	

	

	 (ii) 	 State two symptoms of food poisoning. 	 [1]

	

	

	 (iii) 	 State two different types of precaution that can be taken when preparing food to 
reduce the risk of food poisoning.  	 [2]
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	 	 Figure 3 shows the rate of food poisoning amongst females by age group in 2016.
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Age

Year Total number of 
reported cases

Rate (number per 
100 000 population)

1992 3 590 124.5

1998 5 946 205.0

2000 4 716 162.2

2006 4 301 145.4

2010 4 980 165.6

2014 4 516 146.1

2016 4 504 145.7

Figure 1

	 	 The percentage of reported cases of food poisoning during each quarter of a year is 
shown in Figure 2.

Quarter
% of total for year

2012 2014 2016

Jan-Mar 18 17 19

Apr-Jun 26 26 25

Jul-Sep 32 32 33

Oct-Dec 24 25 23

Figure 2

	 (b) 	 Figure 1 shows the number and rate of reported cases of food poisoning in Wales 
between 1992 and 2016.
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	 	 Figure 4 shows the rate of food poisoning amongst males by age group in 2016.

Figure 4
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	  	 Use the data in Figures 1 to 4 to answer the following questions.

	 (i) 	 Since 1998, egg-laying hens have been vaccinated against a species of Salmonella. 
Explain how this has affected the number of reported cases of food poisoning. 	[2]

	

	

	

	 (ii) 	 Explain the variation in the percentage of reported cases of food poisoning in each 
of the quarters in a year. 	 [3]

	

	

	

	

	

	 (iii) 	 It is suggested that the rate of food poisoning does not depend on gender or age. 
Explain whether this suggestion is confirmed by the data. 	 [2]
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3. 	 The diagram shows the structure of a nuclear reactor. The boron control rods and pump are 
powered by mains electricity.

uranium fuel rods
boron control rods

heat exchanger

hot gas

core

cold gas

cold 
water

steam to 
turbines

gas flow

pump

thick concrete shield to absorb neutrons and other radiations

graphite 
moderator

	 Explain why the reactor cannot function safely during an interruption to the supply of electricity 
in a power cut. Explain how a nuclear accident is prevented and the consequences of a nuclear 
accident.	 [6 QER]
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4.	 Colorimetry is a method used to determine the concentration of haemoglobin in blood. 

	 The table below shows how the absorbance depends on the concentration of haemoglobin. One 
mean value is missing. 

	 (a)	 Rhodri and Dafydd calculated the missing mean absorbance value. Rhodri calculated a 
mean value of 0.45 and Dafydd calculated a value of 0.39. Show how both values were 
obtained and explain which is the better method of calculating a mean. 	 [3]

	

	

	

	

Concentration of 
haemoglobin
(mg/100 cm3)

Absorbance (units)

Test 1 Test 2 Test 3 Test 4 Mean

50 0.20 0.21 0.20 0.19 0.20

100 0.37 0.41 0.63 0.39

150 0.60 0.61 0.60 0.60 0.60

200 0.80 0.79 0.81 0.83 0.81

250 0.99 0.99 0.99 0.99 0.99
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	 (b)	 (i) 	 Use the data in the table to plot a graph of mean absorbance against concentration 
of haemoglobin on the grid below and draw a suitable line. 	 [4]

	 (ii) 	 Describe the relationship between absorbance and concentration of haemoglobin. 	
	 [2]

	

	

	 (c)	 One part of the structure of haemoglobin has the chemical formula FeN4C6H18O4.

	 (i)	 Calculate the relative molecular mass (Mr) of this part of haemoglobin.	 [2]

Mr =  ................................................................................

	 (ii)	 Calculate the total mass of this part of haemoglobin in 2.5 moles.	 [2]

Mass =  ................................................................................ 13

Examiner
only
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5.	 Hydrogen peroxide, H2O2, has anti-fungal properties and can be used to preserve milk. Before 
the milk is used to make cheese the H2O2 needs to be removed.

	 Hydrogen peroxide decomposes to form water and oxygen gas as shown below.

hydrogen peroxide    water  +  oxygen

	 (a)	 Write a balanced symbol equation for the reaction.	  [2]

	

	 (b)	 The rate of this reaction is very slow at room temperature without a catalyst.  

		  A student suggests that the rate of reaction can be increased by adding a catalyst or 
increasing the temperature.  

		  State two variables that should be controlled in an experiment to determine the effect of 
temperature on the rate of decomposition of hydrogen peroxide.	 [2]

	

	

© WJEC CBAC Ltd.



(3445UC0-1) Turn over.

11
Examiner

only

© WJEC CBAC Ltd.

	 (c)	 In an investigation, the student measured the volume of oxygen collected in a measuring 
cylinder every 10 seconds for a total of 60 seconds. 

		  The graph below shows the results at 22°C.
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	 (i)	 Calculate the rate of reaction at 30 seconds by drawing a tangent.	 [3]

Rate =  ................................................................................ cm3/s

	 (ii) 	 The rate of reaction at 5 seconds was 2 cm3/s. Explain, using particle theory, why 
the rate of decomposition was less at 30 seconds.	 [2]

	

	

	

	 (iii)	 The experiment was repeated at 35°C. Add a line to the grid to show the results you 
would expect. 	 [2]
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	 (d) 	 The energy changes during the decomposition of hydrogen peroxide without a catalyst 
are shown below. The energy Ea is 75 kJ/mol and ∆H is -196.1 kJ/mol.

	 (i)	 Explain what type of reaction is shown by this energy diagram. 	 [2]

	

	

	 (ii) 	 A student states that the values of Ea and ∆H do not change when a catalyst is 
used. Explain whether you agree with the student.	 [3]

	

	

	

	

	 (e) 	 The rate of a chemical reaction doubles if the temperature is increased by 10°C.
		  At 6°C, milk undergoes a chemical reaction that makes it go sour in 6 days. Calculate how 

long it will take milk to go sour at 36°C. 	 [2]

Time =  ................................................................................

Ea

reaction pathway

Energy
(kJ/mol)

∆H

18
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6. 	 Chromatography is an important technique used by analytical chemists to separate substances 
found in mixtures.

	 Gas chromatography can be used to show: 

	 •	 the number of compounds
	 •	 the identity of each compound 
	 •	 how much of each compound is present in a mixture.

	 The diagrams below show the gas chromatograms from mixtures 1 and 2. Each mixture 
contains more than one compound. The compounds in mixture 1 are labelled A-F.
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	 (a)	 Use the chromatograms to compare the similarities and differences between 
		  mixtures 1 and 2.  	 [4]

	

	

		

	

	

	

	 (b) 	 Explain in terms of molecules why F has the greatest retention time.	 [2]
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7. 	 Allotropes of carbon include diamond, graphite, graphene, carbon fibres, fullerenes and carbon 
nanotubes. 

	 (a) 	 The structures of diamond and graphite are shown below. 

diamond graphite

		  Answer the following questions with reference to the bonding in diamond and graphite.

	 (i) 	 Explain why diamond is an insulator of electricity but graphite is a conductor.	 [4]

	

	

	

	

	 (ii) 	 Explain why graphite is soft and slippery but diamond is hard. 	 [3]
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	 (b) 	 A unit cubic cell of diamond is shown below.

		  Each side has dimensions of 0.36 nm (1 nm = 10–9 m).

		  The number of carbon atoms in a cubic cell is 8. 

		  The mass of a carbon atom is 2 × 10–26 kg. 

		  Use the information above and the equation:

	 	 to calculate the density of this unit cubic cell of diamond to 2 significant figures.	 [4]

Density =  ................................................................................ kg/m3

density = 
mass

volume
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	 (c) 	 A carbon nanotube is shown below.
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		  Some properties of these nanotubes are compared with three other materials in the table 
below.

Material Tensile strength
(MPa)

Density
(g/cm3)

stainless steel 505 8.00

aluminium 572 2.81

Kevlar 3 620 1.44

carbon nanotube 62 000 1.34

	 	 Explain why carbon nanotubes are likely to replace materials such as steel and aluminium 
in the manufacture of power lines.	 [2]
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