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Answer all the questions.

1 Scientists often analyse samples they have taken.

(@) (i) Which sampling technique would a forensic scientists use when they find strands of
hair at a crime scene?

Tick (v') one box.

Random
Representative
Whole
]
(if) Justify your choice of sampling technique in (a)(i).
.................................................................................................................................. [1]

(b) (i) Which sampling technique would a statistical scientist use to identify the probability
of a characteristic occurring within the UK population?

Tick (v') one box.

Random

Representative

Whole

1]

(i) Justify your choice of sampling technique in (b)(i).

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

(c) Suggest how a DNA sample collected for forensic analysis should be stored.

Give a reason for your answer.
.......................................................................................................................................... [2]
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(d) Samples of blood can be taken from a suspect for forensic examination in a laboratory.

(i) Describe one potential hazard when collecting blood samples.

.................................................................................................................................. [1]
(ii) Suggest two ways of reducing the risks associated with the hazard identified in
(d)(i).
1 SRS PR
2 e ——eeee e ———eeeae——eeeeah—eeeeaateteeeaa——eeeeaaa——eeeaaaareeeeaanreeeeaanraeeeannnees
[2]

(iii) State one way in which ‘sharps’, including needles, should be treated after taking a
blood sample.

.................................................................................................................................. [1]
(e) Blood is often transported to laboratories for analysis.

(i) Give two reasons why tubes containing blood samples are enclosed in plastic,
watertight containers.
.................................................................................................................................. [2]

(ii) Give one reason why tubes and containers are labelled separately.
.................................................................................................................................. [1]

(iii) Give one reason why blood samples are transported in a temperature-controlled
environment.
.................................................................................................................................. [1]
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2 Jamie is analysing the flavour compounds in a beer sample.

The technique he is using for the analysis is gas chromatography.

Fig. 2.1 shows a block diagram of a gas chromatograph.

oven

Fig. 2.1

(a) Identify the parts of the gas chromatograph shown in the block diagram in Fig. 2.1.

Draw lines to connect parts A — E to the correct name of the part.

Letter Name of part
A Carrier gas
B Column
C Data system
D Detector
E Injection

[3]

(b) Jamie adds a chemical to the beer sample. The chemical acts as an internal standard.

Suggest two properties of a suitable internal standard.

© OCR 2018 Turn over
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(c) The gas chromatograph measures the retention time in the column of each component in

the beer sample.

The chromatogram Jamie produces from the analysis of the beer sample is shown in

Fig. 2.2.

Detector
response

0.5 1.0

injection point Time (minutes)

Fig. 2.2

1.5

20

The relative retention time (RRT) can be calculated for each component. The RRT is the
length of time each component in the sample is retained in the column, relative to the

time that the internal standard is retained.

RRT can be calculated using the equation:

RRT = retention of unknown + retention time of internal standard.

In this system, the retention time of the internal standard is 1.7 minutes.

Published values of RRTs for this system are shown in Table 2.1.

Compound RRT
Ethanal 0.65
Ethanol 0.71
Ethyl ethanoate 0.88
Internal standard 1.00
2-methylpropan-1-ol 0.94
3-methyl-1-butanol 1.36
Propan-1-ol 0.76
Table 2.1

© OCR 2018
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(i) Identify peaks A-D in Fig. 2.2.

Draw a line to connect peaks A — D to the correct compound.

Peak Compound
A Ethanal
Ethanol
B Ethyl ethanoate

Internal standard

C 2-methylpropan-1-ol
3-methyl-1-butanol
D Propan-1-ol

[4]

(ii) Outline how internal standards can be used for a quantitative analysis of the beer
sample.

© OCR 2018 Turn over
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3 Jodie is a consumer product scientist analysing the composition of antacid remedies. She has
been provided with samples of milk of magnesia to analyse.

Milk of magnesia is a suspension of magnesium hydroxide in water.

(@) Jodie does not titrate the milk of magnesia directly against hydrochloric acid. Instead
she uses a technique called a back titration to measure the concentration of magnesium
hydroxide. A back titration is a two-stage technique.

Jodie first reacts the milk of magnesia with an excess of hydrochloric acid.

(i) Write a balanced symbol equation for the reaction between magnesium hydroxide
and hydrochloric acid to produce magnesium chloride and water.

Mg(OH), + HClI SO, F

(ii) In the titration she uses a 5.00 cm?® dose of milk of magnesia. She adds 16.0 cm? of
1.00 mol dm hydrochloric acid.

Calculate the number of moles of hydrochloric acid added to the milk of magnesia.

Use the equation:n=c x V
¢ = concentration (mol dm-3)
n = number of moles

V = volume (dm?3)

number of MOIES = oo moles

© OCR 2018
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(b) Jodie then titrates the unreacted hydrochloric acid against sodium hydroxide.

The volume of 0.100 mol dm sodium hydroxide needed to neutralise the unreacted
hydrochloric acid is 26.1 cm?.

Calculate the number of moles of sodium hydroxide that reacted with the hydrochloric
acid.

Use the equation: n=c¢c x V

¢ = concentration (mol dm-3)

n = number of moles

V = volume (dm?)

average numberof moles = ..............cccc .

(c) Jodie calculates the amount of magnesium hydroxide in a dose of milk of magnesia.

(i) Calculate the number of moles of magnesium hydroxide in the 5.00 cm?® dose of milk
of magnesia.

NUMDbEr Of MOIES = ..o,

(ii) Calculate the mass of magnesium hydroxide, in mg, in the 5.00 cm?® dose of milk of
magnesia.

The molar mass of magnesium hydroxide is 58.3 g mol™.

MASS = ooiieiieeeeeieesteeeeeeseeeeteesneeesseeaneeesneeenneeaneeenes mg
[3]
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4  Jeremy is experiencing abdominal pain.

He visits his local hospital. He has an X-ray and ultrasound scan of his abdomen.

(@) (i) State two similarities between the images generated by an X-ray scanner and by an
ultrasound scanner.

(ii) State two differences between the images generated by an X-ray scanner and by an
ultrasound scanner.

© OCR 2018
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(b) A biopsy is used to remove some of Jeremy’s kidney cells for examination.

A laboratory technician uses a light microscope, shown in Fig. 4.1, to examine the cells.

Fig. 4.1

(i) Fig. 4.1 shows a number of characteristic features of a light microscope.

Write the letters A to E in Table 4.1 to identify the parts shown in Fig. 4.1.

Part of microscope Label

Source of light

Location of microscope slide

Eye piece

Objective lens

Control used to focus the image

Table 4.1
[5]
(ii) State three benefits of using a light microscope.

L PO OO PP PPPPR

2 e ——eeeeeeeeeeeiae———eeeeeeeeeaea———eeeeeeeaaaaat———eeaaaeeeaaanaararaeaaeeaaaaaans

K SR PRSPPI

[3]
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(c) Jeremy’s kidney cells are then examined with an electron microscope (EM).

Fig. 4.2 shows the electron micrograph produced.

M
-
g ¥ - - -
Eogd
‘o
- F
&
The cells contain many large mitochondria.
The mitochondrion labelled M is 2.5 um in diameter.
(i) Calculate the magnification of the mitochondrion, M.
Use the formula: magnification = measured size
actual size
Show your working.
magnification = X ...
3]
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(ii) Give two advantages of using electron microscopy compared with light microscopy.
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5 An analytical chemist analyses a solution from a sealed bottle found on a shipwreck.

(@) The scientist uses ion chromatography to analyse the cations in the solution.

(i) Explain how ion chromatography can be used to identify the cations in the solution.

.................................................................................................................................. [6]
(ii) List four other types of chromatography.
L OSSP PPSUPPPRRP
2 e —eeeeeeteeeeeee——eeeeeea——eeeaah—eeeeaat—eeeeeah—eeeeaa——eeeeaataeeeeaanaeeeeaaraaaens
K PRSP
G e e e e e ——ee e e ———ee e e ——eeeea———eeeaa——teeeaa—ateeaaa—eaeeaaraeeeeanrees
[4]
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(b) The analytical chemist runs a mixture of standards through the ion chromatograph.

The retention times of the cations in the mixture are shown in Table 5.1.

Cation Retention time (minutes)
Ammonium 54
Potassium 7.2
Sodium 4.5
Table 5.1

The results of the analysis on the solution found in the shipwreck are shown in Fig. 5.1.

N\
15
10
A C
Conductivity n [\
5
0 —
N
| | | | 7
0 2 4 6 8

Time (minutes)
Fig. 5.1

Identify cations A, B and C in the solution. Use the retention times shown in Table 5.1
and Fig. 5.1.

© OCR 2018 Turn over
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(c) State two alternative techniques that could be used to analyse the cations in the solution.

L
22
[2]
(d) Flame tests can be carried out on solutions of ions to identify the cations present.
Complete Table 5.2 to show the flame test results for the three cations listed.
Cation Colour in flame
Barium
Copper
Lithium
Table 5.2
[3]
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6  Sundip is culturing plants for a nursery.

When culturing plants she follows the standard operating procedure shown in Table 6.1.

Stage |Activity

1 Sterilise the workbench.

2 Heat-sterilise a pair of forceps.

3 Collect a small piece of tissue from the growing tip of the plant.
4 Using a scalpel, cut the tissue into small pieces, 3-5 mm long.

[These pieces of tissue are called explants. Each explant should grow into a new
plant.]

Pick up one explant using forceps and sterilise its surface.

Take the lid off the vial of nutrient jelly.

Use the forceps to transfer the explant to the nutrient jelly. Replace the lid on the vial.

0| N[ O O

Incubate the explant and examine its growth.

Table 6.1

(@) Explain why an aseptic technique must be used when culturing explants from the plant.

.......................................................................................................................................... [2]
(b) (i) Describe how the forceps in Stage 2 are sterilised.
.................................................................................................................................. [3]
(ii) Describe how the surface of the explants in Stage 5 are sterilised.
.................................................................................................................................. [3]
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(c) Suggest two additional ways in which Sundip can reduce possible contamination during
the process.

END OF QUESTION PAPER
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