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1 A chemistry technician plans to carry out an annual check on a range of laboratory glassware.

(a) The technician starts by checking the calibration of a 25.0 cm3 pipette.

Complete the following sentences to outline the steps involved in the procedure.

Use the pipette to measure 25.0 cm3 of ........................................................ .

Put a small beaker on a ........................................................ and press the tare button.

Run the ........................................................ from the pipette into the beaker and note the reading 

on the ........................................................ .

If the pipette is correctly calibrated the reading should be ........................................................ .
[3]

(b) After checking the calibration of the pipette, the technician uses the equipment to complete a 
range of acid-base titrations.

Before starting the experimental work for the titrations, the technician completes a risk 
assessment.

(i) Explain the difference between a hazard and a risk.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

(ii) Identify two hazards associated with completing an acid-base titration.

1  .......................................................................................................................................................

2  .......................................................................................................................................................
[2]

(iii) Suggest two control measures to minimise the hazards given in (ii).

1  .......................................................................................................................................................

 ..........................................................................................................................................................

2  .......................................................................................................................................................

 ..........................................................................................................................................................
[2]
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(c) The technician works in a laboratory which produces hazardous biological and chemical waste.

Describe the standard procedures for dealing with and disposing of hazardous biological and
chemical wastes.

Refer to specific examples of waste in your answer.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [6]
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2 HPLC is a technique used to separate and identify the components in a mixture.

(a) State what the abbreviation HPLC stands for.

 ..........................................................................................................................................................

 ..................................................................................................................................................... [1]

(b)  Fig. 2.1 shows the HPLC chromatogram of a health supplement containing some unknown 
vitamins.

 Fig. 2.1

0 2 4 6 8 10 12
min

14 16 18 20 22

U

V

W

X

Z

Y

(i)  Estimate the retention time of vitamin W.

 ..................................................................................................................................................... [1]

(ii) Estimate which vitamin is present in the lowest amount.

Put a   ring  around the correct answer.

 U    V    W    X    Y    Z
[1]
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(iii)  Some vitamins are water-soluble and some are fat-soluble.

 Fig. 2.2 shows the HPLC chromatogram for a mixture containing the four fat-soluble vitamins in 
the health supplement.

 Fig. 2.2

0 2 4 6 8 10 12
min

14 16 18 20 22

Use Figs. 2.1 and 2.2 to identify which vitamins in the health supplement are fat-soluble and 
which are water-soluble.

Fat-soluble  .......................................................................................................................................

 ..........................................................................................................................................................

Water-soluble  ...................................................................................................................................

 ..........................................................................................................................................................
[2]

(c) A mass spectrometer is often linked to an HPLC instrument.

(i)  Describe two advantages of linking an HPLC instrument to a mass spectrometer.

1  .......................................................................................................................................................

 ..........................................................................................................................................................

2  .......................................................................................................................................................

 ..........................................................................................................................................................
[2]
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(ii)  Mass spectrometry involves five stages.

Name the stages by completing the table below. The stages must be in the correct order from 
1 to 5.

Stage 2 has been done for you.

Stage Name

1

2 fragmentation

3

4

5

[4]

(d)  A mixture of hydrocarbons is separated by HPLC and each component is then analysed using 
mass spectrometry.

One of the components is pentane, CH3CH2CH2CH2CH3.

The mass spectrum of pentane is shown below.

10
0

20

40

60

80

100

15 20 25 30 35 40 45
m / z

50 55 60 65 70 75

Relative
intensity

(i)  How does the spectrum confirm that pentane has a molecular formula C5H12?

(Relative atomic masses: H = 1, C = 12)

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]
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(ii) The displayed formula of pentane is

H C C C C C H

H

H

H

H

H

H

H

H

H

H

During fragmentation, the C – C bonds in pentane are broken at different points along the chain.

Identify the fragment ions that give rise to the following peaks in the mass spectrum.

m /z 57 is ................................

m /z 43 is ................................
[2]
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3  A group of students is finding out about titration curves.

You will need to use the following equations in your answers to the numerical questions.

• Number of moles = mass (g)
molar mass (g mol–1)

• Number of moles = concentration in mol dm–3 × volume in cm3

1000

(a)  A laboratory technician plans to prepare 250 cm3 of 0.0500 mol dm–3 potassium hydroxide, 
KOH (aq).

The molar mass of KOH is 56.1 g mol–1.

(i) Calculate the number of moles of KOH required to make a final volume of 250 cm3 of a 
0.0500 mol dm–3 standard solution.

 Number of moles =  ................................................... mol [1]

(ii)  Calculate the mass of KOH needed to give this number of moles.

 Mass =  ......................................................  g [1]

(iii) Name the piece of laboratory equipment that would be most suitable to make the standard 
solution up to 250 cm3.

Put a   ring  around the correct name.

 beaker   burette   measuring cylinder   pipette   volumetric flask
[1]

(b)  The students investigate how the pH changes when they add a strong base such as potassium 
hydroxide to a strong acid such as hydrochloric acid.

The students use a pH meter to measure the pH.

(i)  A pH meter must be calibrated before use.

State the name of the type of solution used to calibrate a pH meter.

 ..................................................................................................................................................... [1]
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(ii)  They gradually add 0.0500 mol dm–3 potassium hydroxide to 25.0 cm3 0.0500 mol dm–3

hydrochloric acid and measure the pH after each addition of the base.

Three pH curves (A to C) are shown below.

Identify which of the three pH curves applies to the addition of a strong base to a strong acid.

Put a   ring  around the correct letter.

A B C

0 5 10 15 20 25
volume of base added

/ cm3

30 35 40 45 50

pH

0
2
4
6
8

10
12
14

0 5 10 15 20 25
volume of base added

/ cm3

30 35 40 45 50

pH

0
2
4
6
8

10
12
14

0 5 10 15 20 25
volume of base added

/ cm3

30 35 40 45 50

pH

0
2
4
6
8

10
12
14

[1]
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(c) The students then investigate how the pH changes when they add a weak base such as aqueous 
ammonia to a strong acid such as hydrochloric acid.

They gradually add 0.100 mol dm–3 aqueous ammonia, NH3(aq) to 25.0 cm3 hydrochloric acid, 
HCl (aq), and measure the pH after each addition of base.

They then plot a graph of pH against volume of 0.100 mol dm–3 ammonia solution added.

Their graph is shown below.

0
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

5 10 15 20 25

volume 0.100 mol dm–3 NH3 added (cm3)

30 35 40 45

pH

(i)  Draw a curve through the points.  [1]
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(ii)  Use the graph to estimate

• the pH range of the vertical portion of the graph,

 ..........................................................................................................................................................

• the volume of 0.100 mol dm–3 NH3(aq) required to reach the equivalence point.

 ..........................................................................................................................................................
[2]

(iii) Use the volume of 0.100 mol dm–3 NH3(aq) required to reach the equivalence point to calculate 
the concentration of the HCl (aq).

The equation for the reaction between HCl  and NH3 is

HCl (aq) + NH3 (aq)  NH4Cl (aq)

 Concentration of HCl (aq) =  ..........................................  mol dm–3 [3]

(iv)  The pH range of an indicator is the range of pH values over which the indicator changes colour. 
Different indicators change colour at different pH values.

The table shows the pH range of three indicators.

Indicator pH range

Bromothymol blue 6.0 – 7.6

Methyl orange 3.1 – 4.4

Phenolphthalein 8.3 – 10.0

State which indicator is suitable for the titration between HCl (aq) and NH3(aq).

Explain your answer.

Indicator:  ..........................................................................................................................................

Explanation:  .....................................................................................................................................

 ..........................................................................................................................................................
[2]
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4
(a) A student is investigating different types of microscope.

The student uses a light microscope to study biological specimens.

 Fig. 4.1 shows what the student observes through the eyepiece of the light microscope.

 Fig. 4.1

(i) The image was viewed through a 10× eyepiece lens and a 100× objective lens.

Calculate the overall magnification of the microscope.

 Magnification  ...................................................... × [1]

(ii) Explain the difference between the magnification and the resolution of light microscopes.

Magnification  ....................................................................................................................................

 ..........................................................................................................................................................

Resolution  ........................................................................................................................................

 ..........................................................................................................................................................
[2]
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(iii) State what limits the resolution of a light microscope.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

(iv) Put a   ring  around the best estimate of the resolution of light microscopy using both a 
10× eyepiece lens and a 100× objective lens.

 2nm    20nm    200nm    2000nm
[1]

(v) Name the two pieces of equipment needed to measure the length of specimens when viewed 
using a light microscope.

1  .......................................................................................................................................................

2  .......................................................................................................................................................
[2]

(vi) The student identifies the type of biological specimen viewed using the light microscope.

Tick (✓) one box to confirm the identity of the biological specimen seen.

cells 

organelles 

tissues 
[1]

(vii)  Give one advantage of using a light microscope to view biological specimens.

 ..................................................................................................................................................... [1]
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(b) The Rabies virus is far too small to be seen using a light microscope.

(i) Name one piece of equipment that could be used to observe the Rabies virus.

 ..................................................................................................................................................... [1]

Fig. 4.2 shows an image of Rabies viruses.

Fig. 4.2

(ii) Measure the width of a Rabies virus along the line labelled AB using the ruler on Fig. 4.2.

Give your answer in mm.

 Width of Rabies virus  ..................................................  mm [1]

(iii) The actual width of a Rabies virus is 62.5 nm.

Calculate the magnification of the image.

 Magnification =  .......................................................... [3]
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5
(a) Flame tests are used to identify which cation is present in a sample.

(i) Describe how to perform a flame test.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [3]

(ii) State the colour of the flame given by these cations.

Barium Ba2+  .....................................................................................................................................

Lithium Li+  ........................................................................................................................................
[2]

(b) Aqueous sodium hydroxide is used as a chemical test to identify cations in ionic compounds.

A student has two crystalline solids in different containers, but they are not labelled.

The student is told that one of the solids is iron(II) sulfate and the other is aluminium sulfate. 
Both compounds are soluble in water.

Describe how the student would use sodium hydroxide solution to positively identify which solid is 
iron(II) sulfate and which is aluminium sulfate.

You should outline the method the student would use and describe what would be observed for 
iron(II) sulfate and for aluminium sulfate.

Method  .............................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

Observations  ....................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................
[4]
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(c) The student is asked to identify a white powder labelled Compound X.

When tested using a flame test the student observes a violet flame.

The student dissolves the sample in water and adds a few drops of dilute hydrochloric acid 
followed by a few drops of aqueous barium chloride.

The student observes that a white precipitate is formed.

Use the student’s results to identify Compound X.

 ..................................................................................................................................................... [2]

(d)  Emission spectroscopy is an important technique for analysing substances.

(i)  Give two advantages of using emission spectroscopy compared to flame tests and chemical 
tests.

1  .......................................................................................................................................................

 ..........................................................................................................................................................

2  .......................................................................................................................................................

 ..........................................................................................................................................................
[2]

(ii)  A geologist uses emission spectroscopy to determine whether copper is present in a rock 
sample.

The geologist compares the spectrum of copper(II) sulfate with the spectrum of the rock sample.

Copper(II) sulfate

Rock sample

Wavelength (nm)

Colour Blue Green Yellow Red

450 500 550 600 650

What can the geologist conclude about the rock sample?

Explain your answer.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]
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6 Micro-organisms can grow in diesel fuel which has been stored for a long time.

This contaminated diesel fuel can cause damage to engines.

This microbial contamination is called “diesel bug” but it is not caused by a single 
micro-organism.

A team of scientists are investigating the micro-organisms that cause diesel bug.

(a) The scientists grow micro-organisms from a sample of contaminated diesel fuel on an agar plate.

 Fig. 6.1 shows the appearance of the agar plate after a 12 hour incubation period at 30 °C.

 Fig. 6.1

(i) Suggest the minimum number of different types of micro-organism growing in the contaminated 
diesel fuel.

 ..................................................................................................................................................... [1]

(ii) Explain why this is the minimum number.

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]



19

Turn over© OCR 2025 

(b) The scientists decide to study the different types of micro-organisms in isolation.

To do this they select an individual colony from the plate and streak it onto another agar plate.

 Fig. 6.2 shows the appearance of this second agar plate after it was incubated under the same 
conditions.

 Fig. 6.2

(i) Draw a label line and add the word “started” on Fig. 6.2 to show where the streaking process 
was started. [1]

(ii) Draw a second label line and add the word “ended” on Fig. 6.2 to show where the streaking 
process ended. [1]

(iii) Describe a procedure used to streak a single colony onto the plate, resulting in the appearance 
of the agar plate shown in Fig. 6.2.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [5]
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(c)
(i)  The agar plates must be disposed of using the correct protocol when the investigations are 

completed.

Describe the correct protocol to dispose of the agar plates.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [3]

(ii)  Suggest one piece of personal protective equipment (PPE) to be used by the scientists when 
disposing of the agar plates.

 ..................................................................................................................................................... [1]

(d) The scientists work for a company that makes test kits for diesel bug.

(i) Explain why sterile conditions are required when the test strips are being manufactured.

 ..........................................................................................................................................................

 ..................................................................................................................................................... [1]
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(ii) Fig. 6.3 is an image of a test kit showing positive results for the presence of bacteria and yeast 
from a sample of diesel.

 Fig. 6.3

Bacteria Yeast

Use the test kit image shown in Fig. 6.3 to identify and label one colony of bacteria and one
colony of yeast on Fig. 6.1.

 Fig. 6.1 is repeated below.

Draw one line from each label to one colony.

 Fig. 6.1

[2]

END OF QUESTION PAPER

colony of bacteria

colony of yeast
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