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AS SCIENCE RELATIONSHIPS SHEET

pressure = force + area

energy transferred = mass x specific heat capacity x temperature rise
density = mass + volume

wavenumber = 1 / wavelength

speed = frequency x wavelength

energy = Planck constant x frequency

current = charge + time

power = voltage x current

power loss = (current)? x resistance

voltage = current x resistance
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Answer all the questions.

Chlorofluorocarbons, CFCs, can be used as refrigerants.

Refrigerants are molecules that evaporate at room temperature (approximately 20 °C) so they cool
the air in refrigerators, freezers and air-conditioning units.

Since 1985, most CFCs have been replaced by less damaging substances.

(@) CFCs destroy ozone (O5) molecules in the upper atmosphere.

(i) The destruction of ozone in the upper atmosphere can result in problems for human
health. Explain why.

(ii) CFC molecules contain chlorine. A chlorine atom can act as a catalyst for the reaction
that destroys ozone.

Describe the action of a catalyst.

...................................................................................................................................... [2]
(b) One type of CFC molecule is CFC-11. Its structure is shown in Fig. 1.1.
F
Cl —Cl)—Cl
s
Fig. 1.1
The CFC-11 molecule has polar C—Clbonds and a polar C—F bond.
(i) The electronegativity values of C, Cland F are:
e (C=25
e F=40
e Cl=35
On Fig. 1.1, show the polarity of one of the C—Clbonds. [2]
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(ii) The most polar bond in the CFC-11 molecule is the C—F bond. State the reason for this.

(iii) There are four pairs of electrons around the central C atom in a molecule of CFC-11.
What is the shape of the CFC-11 molecule?

(¢) CFC-11 has been replaced by less damaging substances with a lower ozone depletion
potential (ODP).

Table 1.1 shows some of the properties of CFC-11 and its possible replacements.

Compound ODP Boiling point/°C | Flammable?
CFC-11 1.00 24 No
HCFC 134a 0.00 —26 No
HCFC 123 0.02 29 No
Propane 0.00 —42 Yes
Table 1.1

Use the information in Table 1.1 to discuss the most appropriate replacement for CFC-11.

[Total: 13]
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2 Deoxyribonucleic acid, DNA, is a molecule found in living cells.
The structure of DNA helps scientists to understand how genetic information is copied and how
protein synthesis occurs.

(@) Complete the following passage about the structure of DNA.

Use the words in the box to complete the passage below. You may use each word once, more
than once, or not at all.

acid alpha amino acids
codon covalent double
hydrogen nitrate nucleotides

peptides phosphate trio
DNA is a polymer made up of monomers called ...........cccccooviiiiiiineeniinnnins . These monomers
are formed when three units bond together: a sugar, abase and a .........ccccccceveeiiiiiciiiieenneenn. .
The DNA found in cells has the structure of @ ..., helix. The two strands
of DNA are held together by .........cccocciiiiiiiiiiies bonds between base pairs.
A sequence of three bases makes up a structure kKnown as a ..........ccccceeceenninnennnnnnn, .

The sequence of these structures provides information that determines the order of
.......................................... in a protein. [4]

(b) Transfer RNA (tRNA) is also found in cells. Describe the role of tRNA in protein synthesis.

[Total: 7]
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3 The weather at the surface of the Earth is affected by patterns of high and low pressure in the
Earth’s atmosphere.

(@) (i) Use the molecular-kinetic theory of gases to explain how a gas exerts pressure.

...................................................................................................................................... [3]
(i) The average pressure at sea level is 1.01 x 105Nm=,
This pressure is exerted on a surface area 500 m?.
Calculate the total force on this surface. Give your answer in standard form.
ANSWEr: .....cocciiiininnes X10 o, N [2]
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(b) The North Atlantic Oscillation (NAO) describes the changes in pressure patterns at sea level
in the North Atlantic Ocean.

Fig. 3.1 shows the pressure pattern when the NAO is positive.

Iceland

Fig. 3.1

(i) On Fig. 3.1, draw an arrow to show the likely surface wind direction at point X. [1]1

(ii) Explain your answer, using ideas about the factors that affect horizontal movement of air.

(c) Sometimes the NAO becomes negative. When this happens, the wind direction at point X
reverses.

Suggest why this happens.
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(d) Fig. 3.2 shows a diagram of the surface sea water currents in the North Atlantic.

Greenland

Iceland

Norwegia
curren
North Atlantic

current
Gulf N éj
Stream
—y \

Fig. 3.2
(i) Sinking of sea water occurs at various points in the North Atlantic.
On Fig. 3.2, use a cross (X) to mark one point where the sea water starts to sink. [1]1

(ii) Explain the processes that cause sea water to sink in the North Atlantic.

[Total: 14]
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Some old buildings in the UK are made from limestone (calcium carbonate).

The limestone in these buildings has been damaged over the last century. Scientists think that
acid deposition has caused this damage.

(@) One of the causes of acid deposition is the sulfur dioxide formed when sulfur, S, is burnt in air:

S+0,— S0,
(i) Sulfuris oxidised in this reaction.

Use the idea of oxidation states to explain what happens to the oxygen in this reaction.

(ii) SO, can take part in further reactions to form sulfuric acid, H,SO,.

Balance these equations.

[2]
(iii) Sulfuric acid is a strong acid.

Explain the meaning of this statement.
Include a chemical equation to illustrate your answer.

©OCR 2016
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(b) A student has two samples of rainwater.
She wants to carry out an investigation to compare the acidity of the solutions, using titration.
She has a suitable solution of an alkali to use in the titration.
Describe how the student could carry out this investigation.

In your answer explain how she can make it accurate and reliable (repeatable).
Describe how she can use the results to conclude which sample was most acidic.

/ In your answer you should describe the sequence of steps in the process.

[Total: 15]
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In 2015, the Mars Curiosity Rover discovered evidence of the molecule methane, CH,, in the
atmosphere of Mars. Some scientists believe that this could be evidence that there may have been

living organisms on Mars millions of years ago.

(@) Methane contains C—H bonds. One way of detecting methane is to use infrared spectroscopy.
The infrared spectrum of methane is shown in Fig. 5.1.

METHANE
INFRARED SPECTRUM

% transmittance

3000 2000 1000
wavenumber (cm=")

Fig. 5.1

(i) Describe what happens to a C-H bond in methane, CH,, when it absorbs infrared
radiation.

...................................................................................................................................... [1]
(ii) One of the peaks in this spectrum has a wave number of 3000cm™.
Calculate the wavelength in m of the radiation that produces this peak.
Wavelength = ... m [2]
Turn over
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(iii) The other peak has a wavelength of 7.69 x 10~8m. Calculate the frequency, in Hz, of this
radiation.

Velocity of light, ¢ = 3.00 x 108ms~".

Frequency = ..o Hz [2]

(b) Scientists want to find out if the methane came from living organisms. They can do this by
comparing the ratio of '3C and '3C isotopes in the methane molecules.

(i) Explain why 12C and %C are described as isotopes.

(ii) The infrared spectrum of methane containing 120 atoms is different from that of methane
containing only 1§C.

Describe and explain this difference.

(c) There is another form of carbon, 130, that is present in living organisms on Earth. This is
radioactive with a half-life of 5740 years.

(i) 130 undergoes nuclear decay.
Complete the nuclear equation:
'6C > Je+ N
[2]

(ii) Natural gas is a fossil fuel. It contains methane that was formed from the remains of
living organisms. However, natural gas does not contain any 1gC.

Explain why there is no 1;}0 in natural gas.

/ You should link your explanation clearly to the relevant scientific information.

©OCR 2016
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(d) Methane in the Earth’s atmosphere acts as a greenhouse gas.

Explain how the presence of methane causes the temperature of the atmosphere to increase.

[Total: 18]
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6 The enzyme carbonic anhydrase catalyses the reaction between carbon dioxide and water to form
carbonic acid, H,COj:

CO, + H,0 — H,CO,

(a) Place a tick next to the name of any molecule that is a substrate of this reaction.

carbon dioxide

carbonic acid

water

carbonic anhydrase

]

(b) A ribbon diagram of carbonic anhydrase is shown in Fig. 6.1:

Fig. 6.1

Complete the labels A, B and C in Fig. 6.1.
Choose from:

alpha helix beta pleated sheet active site

]

©OCR 2016
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(c) The activity of the carbonic anhydrase enzyme is investigated over a range of different pH
values. The results of this investigation are shown in Fig. 6.2.

120
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Z
@ -
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pH
Fig. 6.2

(i) Use Fig. 6.2 to describe the relationship between pH and the activity of carbonic
anhydrase.

(ii) Explain why enzyme activity is affected by changes in pH.
Use ideas about the mechanism of enzyme action in your answer.
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(d) Scientists want to use carbonic anhydrase to help with a technique called carbon capture.

Carbon capture prevents the carbon dioxide, CO,, produced by some power stations reaching
the atmosphere.

(i) Why is it desirable to prevent CO, reaching the atmosphere?

(ii) The CO, produced by some power stations is released at a temperature of 120°C.

Explain why carbonic anhydrase may not work so effectively at this high temperature.

(iii) Power stations may also produce other waste gases, such as carbon monoxide, CO.

Suggest whether carbonic anhydrase could also be used to prevent CO reaching the
atmosphere.
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(e) There are many different strategies being considered to reduce the amount of CO, reaching
the atmosphere.

These include using:

e carbon capture

* nuclear fusion and nuclear fission
e  alternative energy sources.

Discuss the advantages and disadvantages of these different strategies.

State clearly your conclusion about the most effective strategy.

[Total: 22]
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7  When an electric current flows through a wire, a magnetic field is produced.

Fig. 7.1 shows the magnetic field around a wire carrying an electric current.

wire

Fig. 7.1

(@) (i) Whatis meant by the term magnetic field?

...................................................................................................................................... [2]
(ii) The magnetic field becomes stronger as the distance from the wire decreases.
Explain how you can tell this from the diagram.
...................................................................................................................................... [1]
(b) There are also magnetic fields around electrical power lines.
Electrical power lines are cables that usually carry an a.c. electrical supply.
(i) The magnetic fields around these electrical power lines are alternating fields.
Explain why electrical power lines usually produce alternating magnetic fields.
...................................................................................................................................... [2]
(ii) Electrical power lines operate at a high voltage.
State why a high voltage, rather than a low voltage, is used.
...................................................................................................................................... [1]
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(c) Some modern power lines use direct current (d.c.).

(i)

(ii)

©OCR 2016

One such power line in Brazil has a voltage of 650kV and supplies 3150 MW of electrical
power.

Calculate the current in the power line. Give your answer to 3 significant figures.

1kV =1000V
1MW = 108W

Current ..o, (U101 ) U [4]
People are concerned about the health risks of living close to power lines.
They are not as concerned about living close to this power line in Brazil.

Suggest a reason for this.

[Total: 11]

END OF QUESTION PAPER



22
ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).

©OCR 2016



©OCR 2016



OCR

Oxford Cambridge and RSA

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.
OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a

department of the University of Cambridge.

©OCR 2016



