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Answer all questions in the spaces provided.
1. Criminals will try to hide their activities but forensic scientists, using biological and chemical
testing, are able to find evidence that reveals what happened.
(@) DNA profiling is commonly used to identify criminals.

(i) State where DNA is found in the cell. [1]

(i)  There were three suspects in a crime. Suspect 1 did not have an alibi but
suspects 2 and 3 did. Initially it was thought that suspect 1 was the criminal. DNA
samples were collected from the crime scene.

i
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Compare the DNA samples above to explain whether having an alibi or not is
sufficient to decide on guilt. 2]

(i)  State one other use of DNA profiling. 1]
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(b) Itis suspected that supplies of vinegar have been tampered with by adding a strong
acid. White vinegar usually contains ethanoic acid at a concentration of 0.01 mol/dm3.
Samples of the vinegar are taken and tested by titrating against 0.5 mol/dm? sodium
hydroxide solution using the apparatus below.

burette
+——  sodium hydroxide solution
ﬁ”:O pH probe
beaker /
J = 50cm? of
— white vinegar to pH meter

A pH meter is used to monitor the pH of the solution in the flask. The results are shown
in the table below.

Volume of sodium pH reading
hydroxide solution (cm?3)
0 1.5
5 1.6
10 1.7
15 1.9
20 2.2
25 3.0
30 13.7
35 14.0
40 14.0
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(i)

(ii)

Use the data in the table to complete the graph on the grid below. [3]
A
14
|
12
10
8
pH
6
4
2
0 =
0 5 10 15 20 25 30 35 40 45
Volume of sodium hydroxide solution (cm?)
Use the graph to find the volume of sodium hydroxide solution required to
neutralise the white vinegar. 1]
VOIUME = .o cm?d
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(i)  Use the information on pages 4 and 5 and the equation

concentration of sodium hydroxide x volume of sodium hydroxide
volume of white vinegar

concentration of white vinegar =

to determine whether or not the samples had been tampered with. [3]
(iv) Complete the word equation for the reaction between an acid and a base. 2]
ACIA F DASE > e

(v) Explain why taking multiple readings will increase the accuracy of the result.  [2]
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() Powders A and B are collected at a crime scene. The following tests are used to identify

them.
Test Action
1 Flame test
2 Add silver nitrate solution
3 Add sodium hydroxide solution
4 Add dilute hydrochloric acid and bubble gas through limewater

The results are given below.

Test 1 Test 2
brick-red coloured ei Powder A ez white precipitate
flame formed
green precipitate Test 3 Test 4 gas given off turns
formed = Powder B = limewater milky
Identify powders A and B. [4]
0110 =Y 0000000000000 OO0 OO
0110 =Y = 0000000000000 OO0 OO
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2. Microorganisms are regularly used in food production. However, unless precautions are taken,
microorganisms can also cause food poisoning.

(@ (i) Describe the process of making cheese from milk. [3]

(i) State the optimum conditions required in this process. [3]

(b) Pasteurisation is a process that allows milk to be stored for longer.
The graph shows how bacterial growth varies with temperature.

Number of bacteria

0 20 40 60
Temperature (°C)

Use the information in the graph to explain why milk is pasteurised at temperatures of
about 70°C. [2]

Examiner
only
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3. Metals are good conductors of heat and electricity.

(@) Three students investigated the thermal conductivity of four metal rods as shown below.

vaseline

drawing pin

iron rod
copper rod

rod ends
touching

brass rod

aluminium rod

(b) The table shows results from the students’ investigation together with theoretical values
of thermal conductivity.

Metal Time taken for pin to drop (s) Thermal conductivity (W/m K)
iron 17 80.4
copper 7 401
brass 12 109
aluminium 5 210
Use the data to explain whether the students’ results are as expected. [3]
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(c) Explain, in terms of structure and bonding, why the electrical conductivity of sodium
chloride is dependent upon its state. [3]

4. Food self-sufficiency means that a country produces enough food to feed all of its people
without having to import food from other countries.

(@) Discuss the impact of using fertilisers and pesticides in farming. [4]

(b) Students investigated the effect of one type of NPK fertiliser.

Rice plants were treated with solutions of different concentrations of this NPK fertiliser.
They were treated each day for five weeks.

The growth of each plant was recorded and the results are shown in the table below.

Concentrations of Plant growth after 5 weeks (mm)
NPK fertiliser
(units) plant 1 plant 2 plant 3 plant 4 mean
0.2 27 29 32 28 29
0.4 55 57 58 62 58
0.6 65 67 68 72 68
0.8 70 72 73 77 73
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(i) Calculate the difference in mean plant growth per week for the plants treated with
0.2 and 0.6 units of NPK fertiliser. [3]

difference = ..., mm/week

(i) John suggests that mean growth always doubles if the concentration of fertiliser
is doubled. Use data from the table to explain whether you agree with him. [3]

(c) Describe how plant breeding programmes are used to produce crops with higher rice

yields. [4]

(d) Hydroponics is used to grow plants under controlled conditions.
Describe how hydroponics differs from traditional methods of growing plants. [2]

Examiner
only

16

11

© WJEC CBAC Ltd. (3445UC0-1) Turn over.



12

5. The release of a cloud of highly toxic methyl isocyanate (MIC) gas from a pesticide plant in
Bhopal led to the deaths of thousands of people.
On the night of the disaster MIC reacted with water that leaked into a storage tank, causing an
explosion. As a result, MIC was released into the atmosphere.

The chemical formula of MIC is CH,NCO and the equation for the reaction of MIC with water
is shown below.

2CH,NCO + H,O — C4HgN,O + CO,
(@ Calculate the relative molecular mass (M,) of MIC using information from the Periodic

Table on page 16. Show your workings, starting with the relative atomic mass (A,) of
each element found in MIC. [4]

(b) Approximately 30000kg of MIC gas was released. Calculate the number of moles
released to three significant figures using your answer in (a). [3]

number of moles =
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(c) The structural equation and reaction pathway for the reaction causing the explosion in
the Bhopal plant are shown below.

o)
2(H,C—N=C=0) + H,0 — H3C\N)LN/CH3 + CO,
MIC H H
1,3—dimethylurea
\
Energy

Reaction pathway
Use all the information above to explain why the reaction between MIC and water

resulted in an explosion in terms of reaction pathway, bond energies and thermal
runaway. [6 QER]

Examiner
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6. Modern javelins are made of aluminium alloys or aluminium composite materials.

(@) Describe what is meant by the term ‘composite material’. 2]

(b) Pure aluminium is too flexible to make javelins. Copper can be mixed with aluminium to
produce an alloy.

Pure aluminium Copper and aluminium alloy

Use the diagrams and your own knowledge of alloys to explain how the presence of
copper atoms in the aluminium results in the alloy being more rigid than pure aluminium.

(3]
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Examiner
|
(c) Anengineer was asked to determine the force required to break a pure aluminium o
rectangular bar.
F
|
\ \\\ \\\
5cm|\ N ] [22cm
6 cm
F
The tensile strength of pure aluminium is 90 MN/m?.
Use the information above and the equation
tensile strength = forge
cross-sectional area
to calculate the force (F) required to break this bar. [6]
(1 MN = 10® N and 1 cm? = 1074 m?).
force (F) = . N
1
END OF PAPER
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