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2
1  Anew analytical chemistry laboratory is being set up.

Laws and regulations need to be followed to keep staff safe.

(a)
(i) State two of the employer’s main duties under The Management of Health and Safety at Work
Regulations 1974 (updated 1999).

(ii) Explain the differences between hazards and risks and how the risks can be minimised.

Use examples that are relevant to people working in an analytical chemistry laboratory.
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(b)

(c)

(i)

(ii)

3

Glassware is used frequently in the laboratory.

Describe two procedures that should be followed when clean glassware is broken.

One procedure carried out in the laboratory involves the use of dichloromethane which is
a halogenated solvent. One advantage of using halogenated solvents is that they are not
flammabile.

Dichloromethane is a serious health hazard.

Which hazard symbol would be used to show dichloromethane is a health hazard?

Puta round the correct symbol.

[1]

The waste solvent must be disposed of safely and adequate records need to be kept.

State three pieces of information that should be recorded.
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2 Some students are studying pigments in plant leaves.
They separate the pigments using chromatography.
Fig. 2.1 shows a paper chromatogram of the leaf pigments.
Fig. 2.2 shows a TLC chromatogram of pigments from the same type of leaves.

The pigment chlorophyll a is labelled on both chromatograms.

Fig. 2.1 Fig. 2.2
------- <«—Solvent front --------;1«—Solvent front
N Carotene —

<«— Xanthophyll

-‘—Chlorophyll a

«——Chlorophyll b

7

\7<—Origin ——+—0Origin

(a) State what TLC stands for.

(b) The students note the similarities and differences between the chromatograms.

Describe two advantages of TLC compared to paper chromatography which can be seen in
Fig. 2.1 and Fig. 2.2.
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(c)

(d)

(e)

5

The students use Fig. 2.2 to determine the R; value of chlorophyll a.

Measure the distance from the origin to the solvent front and the distance travelled by
chlorophyll a.

Use the two measurements to calculate the R, value of chlorophyll a.

Rivalue = ..o [3]

The chromatograms shown in Fig. 2.1 and Fig. 2.2 were produced using the same solvent as
the mobile phase.

Tick (v) one box that explains why the R, value for chlorophyll a is smaller in Fig. 2.2 than in
Fig. 2.1.

Chlorophyll a has a greater affinity for the stationary phase in paper
chromatography.

Chlorophyll a has a lower affinity for the stationary phase in paper
chromatography.

In TLC the solvent runs faster than paper chromatography.

Paper chromatography uses a lid.

The chlorophyll a is different in the two chromatograms.

[1]

Explain why the R, value for chlorophyll a determined from TLC (Fig. 2.2) is more accurate
than from paper chromatography (Fig. 2.1).
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(f) Gas chromatography linked to a mass spectrometer (GC-MS) is an instrumental technique
used in chemical analysis.

(i) The image below is a block diagram of the equipment used in gas chromatography.

Syringe

. Jl [ Syring
AN I .
E Injection point

T /
T =N

D Chror/natogram

Oven

| Computer

Identify parts A, B, C, and D.
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3  Dilute ammonia solution, NH3(
cleaning agents.

aqy 1S @ weak alkali. It is an ingredient in many household

(@) A scientist does a titration to determine the concentration of ammonia in a brand of window
cleaning solution.

The diagram shows the equipment the scientist uses.

1 2 3 4

TTCLLT )

(i) Name the pieces of equipment labelled 1 to 6 in the diagram.
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(ii) The scientist titrates the window cleaning solution against 0.100 moldm= hydrochloric acid.

Methyl orange is used as the indicator for the titration.

Tick (v') one box that shows the colour change of methyl orange.

Acidic conditions Basic conditions
Yellow Blue
Colourless Pink
Red Yellow
Pink Colourless

(iii) The pH range of methyl orange is 3.2 to 4.4.

Explain why methyl orange is a suitable indicator for this titration.

[1]
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(b) An auto-titrator can be used to obtain more accurate results.

State how the equivalence point of the titration is determined using an auto-titrator.

(c) The scientist uses an auto-titrator to determine the concentration of ammonia in a brand of
window cleaning agent.

The scientist follows the method below:

Step 1 Dilution

Measure out 5.00 cm? of the cleaning agent and make up to a volume of 250.0 cm? with
deionised water.

Step 2 Auto-titration
Titrate 10.0 cm?® of the diluted cleaning agent from step 1 against 0.100 moldm= HC/.

The mean volume of 0.100 moldm= HC/ required to neutralise 10.0cm? diluted cleaning agent
was found to be 3.62cm?.

The equation for the reaction is:
NH, (aq) + HC/ (aq) — NH,C/ (aq)
Use the following steps to calculate the concentration of ammonia in the window cleaning
agent.
(i) Calculate the number of moles of HC/ in 3.62 cm?® of 0.100 moldm=HC/.

You will need to use the following equation in your calculation.

concentration in mol dm 2 X volume in cm?®
1000

Number of moles =

Number of moles HCI = ..........ccoooeiiiieeeiiieeeceeeee e, mol [1]

(ii) Calculate the concentration of NH,, in mol dm=, in the diluted cleaning agent.

Concentration of diluted cleaning agent = ..., mol dm= [2]

© OCR 2024
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(iii) The cleaning agent was diluted in step 1.

Calculate the dilution factor and use this value to calculate the concentration of NH; in
moldm== in the undiluted cleaning agent.

Dilution factor = ...
Concentration of undiluted cleaning agent = ........ccccccccviiiiiiiiee, moldm3
[2]
(iv) Concentrations in household products are usually given as a percentage.
A 1% ammonia solution means that there is 1.00g of ammonia in 100 cm?® of solution.
The molar mass of NH; is 17 gmol".
Use your value for the concentration of NH;, in moldm=3, to calculate the percentage of
ammonia in the cleaning agent.
Yo NH; = oo [2]

(d) Explain why an auto-titrator delivers more accurate results than a manual titration using an
indicator.

(e) A brand of window cleaning agent contains a blue dye. Suggest why a manual titration
involving an indicator cannot be used to determine the ammonia concentration.
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4  Forensic biologists often use light microscopy in their work.

(@) The diagram shows a light microscope with 5 parts labelled A to E.

(i) Name the part labelled B.

................................................................................................................................................. [1]
(if) State the purpose of the part labelled C.

................................................................................................................................................. [1]
(iii) Explain why there are two focussing knobs (D and E).

................................................................................................................................................. [3]
(iv) Label A shows the objective lenses.

Explain why there are three objective lenses on this microscope.

................................................................................................................................................. [2]
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(b) A forensic biologist uses microscopy to view fibres found at a crime scene so that the crime
scene fibres can be compared to reference fibres.

A suspect can be linked to the crime scene if fibres from the crime scene match those found
on the suspect.

There are six suspects for the crime. Fibre samples are taken from their clothes.

The fibre diameter (mm) and colour are shown in the table.

Suspect Fibre diameter / mm Fibre colour
A 0.060 Red
B 0.040 Blue
C 0.010 Red
D 0.030 Blue
E 0.020 Red
F 0.020 Blue

Fig. 4.1 shows some reference fibre types.
Fig. 4.1

= WP FAYE e

Coarse wool Silk Cotton
Cashmere Linen Polyester

A sample of fibre is found at the crime scene and viewed using a scanning electron
microscope (SEM).

The detailed, microscopic appearance of the fibre is shown in Fig. 4.2.
Fig. 4.2
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(i) The forensic biologist concludes that the fibre found at the crime scene is cashmere.

Explain how the forensic biologist came to this conclusion.

................................................................................................................................................. [1]
(ii) Use the scale bar in Fig. 4.2 to estimate the diameter in mm of the fibre.
1mm = 1000 pm.
Diameter = ..., mm [1]
(iii) Identify which two suspects could have been at the crime scene.
................................................ AND ... [1]
(iv) Take a suitable measurement from Fig. 4.1 and calculate the magnification of the image.
Magnification ..........cccoceeiiiiiiii x [3]
(c)
(i) State one advantage of using SEM compared to light microscopy.
................................................................................................................................................. [1]
(ii) Tick (v') one box to explain why light microscopy would be better to determine which of the
suspects from (b)(iii) was at the crime scene.
Light microscopy can reveal the colour of the fibres.
Light microscopy can determine the chemical composition of the
fibres.
Light microscopy can be used to estimate the diameter of the fibres
more accurately.
11
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(a)

(b)
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lon Chromatography (IC) and Atomic Emission Spectroscopy (AES) can be used to analyse
water samples.

Use ticks (v') to show which features apply to IC and AES.

Each row can have one or two ticks.

Feature IC AES

Can detect anions AND cations.

Can detect very low concentrations.

Can determine concentrations of ions in solutions.

Uses a flame as a heat source.

[2]
Use words from this list to describe the principles of IC.
absorbed affinity detected dissolved eluent
higher lower plate tube
The ioNS are ........coovveeeeviciiie e, by a resin matrix.
................................................ is passed through the column.
lonswitha ............. affinity for the resin matrix pass through the
column more slowly.
As they leave the column, the ions are ........cccooovevviiiiiccii e, by measuring their
electrical conductivity.
[31
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(c) Achemist uses IC to compare the anions present in tap water, bottled water and

deionised (DI) water.

A printout of the chromatogram is shown below.

3.5+ 5 Peak
1. Fluoride
2. Chloride
3. Nitrite
| 4. Nitrate
2.0 5. Sulfate
Conductivity
(arbitrary units) 1 3 4
N tﬂ Bottled water
WL J N __J\ __Tap water
0 \f DI water
-1.0 , , ,
0 5 10 15

Time (minutes)

(i) Which two ions are present in bottled water and in tap water?

(i) Three other ions are also present in tap water. Which of these other three ions has the highest

concentration?

Explain your answer.

© OCR 2024
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(iii) Fluoride is added to tap water in the UK to help protect people’s teeth. The recommended
range of fluoride ions in tap water is between 0.7 and 1.5 ugcm=.

The chemist is testing a water supply to check whether the fluoride ion concentration is within
the recommended range.

The chemist first uses IC to produce a calibration graph as shown below.

1 —

0.9

0.8

0.7

0.6

Relative peak area 0.5 —
0.4

0.3

0.2

0.1

0 I I I I I I I
0 02 04 06 08 1 12 14

Concentration of fluoride ions (ug cm3)

The chemist then determines the relative peak area of a sample from the water supply. The
relative peak area of the water sample was found to be 0.52.

Use the graph to determine whether the fluoride ion concentration is within the recommended

range.
................................................................................................................................................. [2]
(d) State two other uses for IC, in addition to measuring ion concentrations.
ettt ettt e ee ettt eteeateeeteeeseeenteeaneeeteeaneeeteeeneeeEeeaneeeneeanteeneeaneeeReeeneeeaneeaneeeaneeenreenneeanneans
B
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(e) The chemist uses AES to determine which metal ions are present in the water supply.

Outline the scientific principles involved in this technique.
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6 One important role of a food technologist is to check that food safety standards are met.

A food technologist uses a plate count method to estimate the number of colonies of bacteria
in a sample of food.

Method

1 Blend 25.0g of the food sample with a sterile buffer solution and make up the volume to
50.0 cm? with the buffer solution. This is a 1x solution.

2 Prepare a ten-fold dilution series from this 1x solution to make 1/10, 1/100 and 1/1000
dilutions. Sterile buffer solution is used for all dilutions.

3 Spread 0.5cm? of each dilution of the sample onto separate agar plates and incubate to
allow any colonies to grow.

4 Spread 0.5cm? of the sterile buffer solution onto an agar plate.
(a)

(i) The equipment used by the food technologist to make this dilution series is shown in the table
below.

Put one tick (v') in each row to show the correct procedure to sterilise that equipment.

Each procedure can be used once, more than once or not at all.

Procedure

Autoclaving Dry heat Flaming

Agar for the agar plates

Glass pipettes

Sterile buffer solution

[3]
(if) Outline the steps the food technologist should follow to obtain the ten-fold dilution series.
................................................................................................................................................. [3]
(iii) Explain why an agar plate is spread with 0.5cm? of sterile buffer solution.
................................................................................................................................................. [1]
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(b) The diagrams below show colonies of bacteria growing on the three spread plates after they
were incubated.

The dots (:: and ) show different colonies of bacteria.

1/10 dilution 1/100 dilution 1/1000 dilution

(i) Explain why the 1/10 plate cannot be used to calculate the number of colonies on the food
sample.

(i) Explain why the 1/100 plate is more effective than the 1/1000 plate for determining the number
of colonies per gram.

(c) The maximum permitted number of colonies in the food sampled is 1x107 colonies per gram.

(i) Use the 1/100 plate to calculate the number of colonies per gram.

The number of colonies in the 1/100 plate is 53.

Number of colonies per gram = .........cccccoieeee i [3]

© OCR 2024 Turn over
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(i) What can you conclude from your calculation of the number of colonies per gram of food
growing on the 1/100 plate?

Tick (v') one box to show the correct answer.

The number of colonies in the food is less than the allowed
maximum number.

The number of colonies in the food is the same as the allowed
maximum number.

The number of colonies in the food is more than the maximum
allowed number.

[1]

END OF QUESTION PAPER
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If you need extra space use this lined page. You must write the question numbers clearly in the
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