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 Answer all questions. 

1 Cells contain enzymes that catalyse metabolic activities. Some of these reactions release 
carbon dioxide. 
A scientist engineered a new strain of yeast, BY62, which he believes has higher rates of 
metabolic activities.  
You will investigate the release of carbon dioxide from mixtures of yeast and carbohydrate, 
one comprising a common yeast strain, Y, and the other comprising BY62. Each mixture is 
put into a dialysis (Visking) tubing. 
The dialysis tubing acts as a partially permeable membrane, allowing the carbon dioxide to 
diffuse out of the dialysis tubing.  
You are required to: 

• perform serial dilution to obtain different concentrations of P 
• collect results and present it in a suitable table  
• estimate the concentration of carbon dioxide in BY62 mixture  

You are provided with: 

• 1 g dried yeast, in a test-tube labelled Y 

• 10.0 % glucose solution, in a container labelled S 

• Mixture containing carbon dioxide produced from BY62 and carbohydrate, in a 
container labelled P  

• bromothymol blue indicator solution, in a container labelled B 

• dialysis tubing, in a beaker of distilled water labelled D 

• distilled water, in a beaker labelled W 

If any solution comes into contact with your skin, wash off immediately under tap 
water.  Suitable eye protection should be worn.  

 
To test for the release of carbon dioxide, a sample of the water surrounding the dialysis tubing 
is added to drops of an indicator, B. 
Fig. 1.1 shows the effect of increasing concentration of carbon dioxide on the colour of B. 
Yellow is the end-point.  
 
      BLUE               blue-green               GREEN              green-yellow               YELLOW 

      
 

 
 

Fig. 1.1 
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Before starting the investigation, read through steps 1 – 22 and prepare a table in (b)(i). 

 Proceed as follows. 

 1 Using hot water and tap water, adjust the water in the beaker labelled water-bath to 
45 °C. You will not need to maintain this temperature. 

2 Put 15 cm3 of S into the test-tube labelled Y. Mix well. 
3 Put test-tube Y into the water-bath for 15 minutes. 
You will leave the apparatus for 15 minutes. Use this time to continue with (a).  

 (a) You are required to make a serial dilution of mixture in the container labelled P.  
P is obtained by subjecting yeast strain BY62 to the same conditions and experimental 
step 1 to step 3 as yeast strain Y.  
You are to reduce the concentration of P by five-fold between each successive 
dilutions.  
After the serial dilution is completed, you will need to have at least 8 cm3 of each 
concentration available for use.  

  Complete Fig. 1.2 to show how you will dilute P. 
For each plastic vial: 

• state, under the plastic vial, the volume and concentration of P in the vial 
that will be available for use in the investigation, after the serial dilution has 
been completed 

• use one arrow, with a label above the plastic vial, to show the volume and 
concentration of P added to prepare the concentration of P in the vial  

• use another arrow, with a label above the plastic vial, to show the volume 
of distilled water, W, added to prepare the concentration of P in the vial. 

 
 
 
 
 
 
 

[2] 

    

 
 

Fig. 1.2 
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 4 After 15 minutes, remove test-tube Y from the water-bath.  
5 Stir the mixture in test-tube Y and pour it into a beaker. 
6 Label two spotting tiles with the sample times in minutes, as shown in Fig. 1.3.  
7 Put 3 drops of B onto the spotting tile at each sample time, as shown in Fig. 1.3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.3 
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Fig. 1.4 shows the apparatus you will set up for this investigation.  

 
Fig. 1.4 

8 Tie a knot in the dialysis tubing as close as possible to one end, so that the end is sealed. 
9 To open the other end, rub the tubing gently between your fingers and thumb. 
10 Stir the mixture in the beaker from step 5 and put 6.0 cm3 of this mixture into a syringe.  
11 Wipe the outside of the syringe and put the mixture into the dialysis tubing.  
12 Rinse the outside of the dialysis tubing with distilled water.  
13 Repeat steps 8 to 12 using the final diluted concentration of mixture P obtained in (a).  

 
Look carefully at Fig. 1.4 to help you with step 14 to step 17. You will be performing the 
following steps for both mixtures Y and P at the same time. 

 14 Tie a knot just above the level of the mixture in the dialysis tubing, as shown in Fig. 1.4. 
15 Put the dialysis tubing into a clean boiling-tube so that it is resting on the bottom of the 

boiling-tube, as shown in Fig. 1.4.  
16 Using a syringe, add 15 cm3 of distilled water, W, and ensure that each of the section of 

dialysis tubing containing the mixtures for Y and P is fully submerged. 
17 Draw a line on the boiling-tube so that it is half-way between the two knots, as shown in      

Fig. 1.4. This is where you will take your samples from. 
18 Start timing and put the boiling-tubes containing the dialysis tubing into the beaker 

labelled water-bath. 
19 Take a sample of W from the boiling-tube at the point you marked in step 16, using a 

pipette. 
20 Put 4 drops of W onto B at time 0 on the spotting tile. Put the remaining W in the pipette 

back into the boiling-tube. 
21 Mix the sample of W and B on the spotting tile and immediately record the colour in (b)(i), 

using the colours stated in Fig. 1.1. 
22 Repeat steps 19-21 for each of the sampling times until the end-point (yellow) is reached 

for two consecutive samples. If the end-point is not reached at 10 minutes, stop timing.   

boiling-tube 

boiling-tube 
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 (b) (i) Record your results in a suitable table. [4] 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

     

  Table 1.1 shows the concentration of carbon dioxide present in a mixture if the              
end-point was detected at the sampling time.  

Table 1.1 

sampling time / 
minutes 1 2 3 4 5 6 7 8 9 10 

concentration of 
carbon dioxide in 
mixture / mol dm-3 

4.6 2.1 1.4 0.9 0.6 0.2 0.07 0.039 0.005 0.001 

 

  (ii) Using your results in (b)(i), estimate the concentration of carbon dioxide 
produced by BY62 mixture in the container labelled P. 
Show your workings clearly. [2] 
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  (iii) Explain the trend observed in Table 1.1 in relation to a named metabolic 
activity of the yeast cells. [4] 

     

     

     

     

     

     

     

     

     

     

 (c) An accumulation of dissolved carbon dioxide in yeast cells is toxic. Explain how 
the change in pH affects the rate of carbon dioxide produced.    [3] 
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 (d) This investigation used colour to indicate the concentration of carbon dioxide in 
the sample. Complete Table 1.2 to:  

• identify one significant source of error in the procedure 
• identify one other significant source of error in this investigation 
• suggest how to make improvements to reduce these sources of error. [4] 

  Table 1.2 

significant source of error how to make an improvement 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

 

 

 

    

 (e) Describe a suitable control for the investigation conducted. [1] 
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 (f) A student repeated the investigation with yeast strain BY62 using the same procedure 
but with different types of substrates. To identify which substrate is most effectively 
used by yeast, the student measured the amount of substrate at the start and at the 
end of the experiment duration of 30 minutes.  
The results are shown in Table 1.3.  

Table 1.3 

substrate 
 amount of substrate at time / mole 

0 minute 30 minutes 

glucose 6.5 0.5 

sucrose 7.2 3.0 

starch 4.0 3.8 
 

  (i) Using an appropriate method, present the data shown in Table 1.3 on the 
grid provided. [4] 
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  (ii) From the results in Table 1.3, the student concluded that glucose is the 
substrate that releases the most carbon dioxide in 30 minutes by yeast 
strain BY62. 
Comment on the validity of the student’s conclusion.  [2]  

     

     

     

     

     

     

   [Total: 26] 
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2 The rate of photosynthesis in plants is affected by the concentration of carbon dioxide.  
A student proposed two different methods to determine the effect of carbon dioxide 
concentration on the rate of photosynthesis in Brazilian waterweed, Egeria densa. This plant 
is found in freshwater ponds.  
In Method 1 proposed by the student, the rate of photosynthesis is to be measured by the set-
up shown in Fig. 2.1. A stand and clamp were used to hold the apparatus in a vertical position.  

 
Fig. 2.1 
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 (a) Use the information provided to plan a method by which the student could use in his 
investigation.  
In your plan, you must use: 

• E. densa plant that has been kept in the dark for at least 24 hours 

• 1.0% sodium hydrogen carbonate solution 

• distilled water 

• apparatus shown in Fig. 2.1 
 
You may also select from the following apparatus and use appropriate additional 
apparatus: 

• any normal laboratory glassware e.g. test tubes, beakers, measuring 
cylinders, graduated pipettes, glass rods, etc. 

• syringes 

• pipette fillers 

• ruler 

• timer, e.g. stopwatch 

• 60W bench lamp 
 
Your plan should: 

• have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it 

• identify the independent variable, dependent variable and the variables that 
you will need to control 

• include details to ensure that results are as accurate and reliable as possible 

• use the correct technical and scientific terms 

• include reference to safety measures to minimise any risks associated with 
the proposed experiment 
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 You will now perform Method 2, proposed by the student, to determine the effect of carbon 
dioxide concentration on the rate of photosynthesis. In this method, you will investigate the 
sugar content in 2 leaf extract samples from the same plant, S1 and S2. Each sample was 
obtained from leaves after exposure to different carbon dioxide concentrations.  
Before proceeding further, use the plastic container labelled hot water to collect approximately 
300 cm3 of hot water from where it is provided in the laboratory. Heat the water to a suitable 
temperature for use in the Benedict’s test.  
Suitable eye protection must be worn during heating. 
Proceed as follows. 
1 Add 2 cm3 of S1 and S2 to two separate test tubes.   
2 Add 2 cm3 of Benedict’s reagent to each of the samples and heat them in a boiling water 

bath for 2 minutes. 

 (b) (i) Record, in Table 2.1, your observations for S1 and S2.  [1] 

   Table 2.1 

sample observation carbon dioxide 
concentration 

S1 

 
 
 

 

 

S2 

 
 
 

 

 

 

 

     

  (ii) Complete Table 2.1 to state the concentrations of carbon dioxide at which S1 
and S2 were initially exposed to, by using the terms ‘high’ and ‘low’.  [1] 

     

  (iii) Explain your answer in (b)(ii). [2] 
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 (c) Out of the two methods proposed by the student, state which method is less suitable 
to determine the effect of carbon dioxide concentration on the rate of 
photosynthesis. 
Give a reason for your answer. [2] 

    

    

    

    

    

     

   [Total: 15] 
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3 During this question you will require access to a microscope and slide L1. 

 L1 is a slide of a stained transverse section through a plant stem. 
You are not expected to be familiar with this specimen. 

 (a) Select a field of view so that you can observe the different tissues as shown by the 
shaded area in Fig. 3.1.  

 

 

 

 

 

 

 

 

 

Fig. 3.1 

  (i) Draw a large plan diagram of the region of the stem on L1 shown by the shaded 
area in Fig. 3.1. A plan drawing shows the arrangement of different tissues. 
Individual cells must not be drawn in plan diagrams. 
Your drawing should show the correct shape and proportion of the different 
tissues.  
Select one vascular bundle to include in your drawing. 
Use one ruled label line and label to identify the xylem.  

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 [4] 

     



18 
 

River Valley High School 
2023 JC2 Preliminary Examination   H2 Biology 9744/04 

  (ii) Observe the xylem vessel elements in the stem on L1. 
Select one large xylem vessel element and two adjacent, touching, smaller cells.  
Each smaller cell must touch the xylem vessel element and the other smaller 
cell. 
Make a large drawing of this group of three cells.  
 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [4] 
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 (b) Fig. 3.2 shows a diagram of a stage micrometer scale that is being used to calibrate an 
eyepiece graticule.  
The length of one division on this stage micrometer is 1 mm.  

 
Fig. 3.2 

  (i) Use Fig. 3.2 to calculate the actual length of one eyepiece graticule unit.  
Show your working.  
 
 
 
 
 
 
 
 

actual length = ________________ [2] 
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  Fig. 3.3 is a photomicrograph of a stained transverse section through a root of a 
different plant species. This was taken with the same microscope and lenses used to 
take Fig. 3.2. The eyepiece graticule has been placed across the diameter of the 
section.  

  
Fig. 3.3 

  (ii) The line X–Y is drawn across the diameter of the root section.  
Use the calibration of the eyepiece graticule from (b)(i) to calculate the 
actual diameter of the section in Fig 3.3. 
Show your working.   

    
 
 
 
 
 
 
 

actual diameter = ________________ [2] 

    
 
 
 
  

X Y 
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  (iii) Identify the observable differences between the root section in Fig. 3.3 and 
the stem section on L1.  
Record the observable differences in an appropriate table. [2] 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
  

    
 
  

   [Total: 14] 
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