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1 Scientists can estimate the concentration of carbon dioxide in the Earth’s atmosphere in past
centuries. They drill into the thick ice near the poles to remove samples of ice that contain trapped
air.

The ice is thousands of years old, with the oldest ice at the deepest levels. They sample at different
levels and measure the concentration of carbon dioxide in the trapped air.

(@) Table 1.1 shows some results.

Table 1.1

carbon dioxide

year concentration
/%

1000 0.0280
1200 0.0275
1400 0.0280
1600 0.0270
1800 0.0280
2000 0.0345

(i) Inthe year 2000, the carbon dioxide concentration in the trapped air was 0.0345%.

State the two gases that make up most of the rest of the atmosphere.

[2]

(i) Using the information in Table 1.1, describe how the carbon dioxide concentration in the
Earth’s atmosphere changed between the year 1000 and the year 2000.

....................................................................................................................................... [3]
(b) Name a biological process that
(i) releases carbon dioxide into the atmosphere,
....................................................................................................................................... [1]
(ii) removes carbon dioxide from the atmosphere.
....................................................................................................................................... [1]

© UCLES 2016 0654/31/0/N/16
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(c) Suggest two reasons why the carbon dioxide concentration in the Earth’s atmosphere
changed between 1800 and 2000 as shown in Table 1.1.

(d) A scientist suggested that, when air gets trapped in the ice, its carbon dioxide concentration
might change.

Suggest what measurements could be taken to check whether this happens.

(e) Explain how an increase in carbon dioxide concentration in the Earth’s atmosphere could
cause global warming.

© UCLES 2016 0654/31/0/N/16 [Turn over
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2 Five test-tubes containing different substances are labelled A, B, C, D and E as shown in Fig. 2.1.
Dilute sulfuric acid is added to each of the five substances.

dilute dilute dilute dilute dilute
sulfuric sulfuric sulfuric sulfuric sulfuric
acid acid acid acid
- 0 r - 0 r ~ 0 r N 0 r - 0 r
0 0 0
0 0 0 0 0
N </ (P \g/ N
barium nitrate copper copper magnesium sodium
solution carbonate hydroxide
solution
A B C D E
Fig. 2.1
(@) (i) Suggest the letter of the test-tube containing a substance that releases a gaseous

(ii)

(iif)

© UCLES 2016

element when the dilute sulfuric acid is added.

Name the gaseous element.

test-tube ....oooviiiiiii

JASEOUS EIEIMENT ...t e e e e e e e e e e e e s e e e e e e e e aanneees [1]
Suggest the letter of the test-tube containing a substance that releases a gaseous
compound when the dilute sulfuric acid is added.

Name the gaseous compound.

test-tube ......ooovviiiiiiiiiiii

JASEOUS COMPOUNG ..eiiiiiiiiiiiieee e e e e et e e e e e e e e e e e e e e e e s s e e e e e e e e e s s nnnnn e e e eeeeeeeannnrnes [1]
Suggest the letter of the test-tube containing a substance in which there is no chemical

change.
Explain your answer in terms of the reactivity series.
test-tube ...ooovveiiiiiii

L2 (0] F= T =1 1o o 1P

0654/31/0/N/16



5
(iv) Dilute sulfuric acid contains sulfate ions.

Suggest the letter of the test-tube containing a substance that produces a white
precipitate.

State the name of the precipitate.
test-tube ....ooovviiiiiiiii

WHItE PreCiPitate ........oooiiiiiiiiiii e [1]

(b) Sulfuric acid is made industrially in the Contact process.
Vanadium oxide acts as a catalyst in this process.
(i) The chemical symbol for vanadium is shown.
2V
State
* the number of neutrons in the nucleus of this atom,  ......................

. the number of electrons in a vanadium atom. ...,

[2]

(ii) State the name of the collection of metals in the Periodic Table to which vanadium
belongs.

© UCLES 2016 0654/31/0/N/16 [Turn over
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(iii) Fig. 2.2 shows part of the Contact process.

Boxes X and Y contain diagrams that represent the molecules involved in an oxidation
reaction catalysed by vanadium oxide.

X Y key
(O atom of sulfur
O atom of oxygen

reaction
vanadium oxide | ... vessel
catalyst—— [
\ J
( N\
A J
Z
Fig. 2.2

In box Z in Fig. 2.2, draw one molecule to represent the product of the oxidation reaction.
Use the key to draw the atoms of the molecule. [1]

(iv) Write a balanced chemical equation for the oxidation reaction that occurs in the reaction
vessel to produce the product in box Z.

© UCLES 2016 0654/31/0/N/16
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3 (a) Three identical kettles have each been filled with the same volume of water at 25°C.

Fig. 3.1 shows the three kettles a few minutes later.

N\

A B C element

Fig. 3.1
Kettle A contains water that remains at 25 °C.
Kettle B contains water that is just starting to boil at 100 °C.
Kettle C contains water that has been boiling for a few minutes but is still at 100 °C.

(i) Explain why the water volume in kettle B is now different to that in kettle C.

(ii) Explain why energy is required to boil the water in kettle C even though the temperature
remains at 100 °C.

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

(iii) Describe two differences between evaporation and boiling.
2 PP PPPR
2SSO P TP
(2]

© UCLES 2016 0654/31/0/N/16 [Turn over



8
(iv) When the water boils, some becomes water vapour in the air.

Fig. 3.2 shows the arrangement of particles in a gas, liquid and solid.

B C

Fig. 3.2
State and explain which diagram, A, B or C, best represents:
L L = (2 O
L2 (0] F= T =1 1o o 1P
WALET VAPOUF. ...eeeiiiiiieee e e ettt e e e e e e st e e e e e s e esnnneeeeeeeeeeannnes

L2 (0] F= T =1 e o 1P

(b) Explain why the electric kettles shown in Fig. 3.1 have the heating element at the bottom of
the kettle.

© UCLES 2016 0654/31/0/N/16
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(c) Akettle rated at 2000W is connected to a 250V supply.
Show that the current in the heating element is 8A.
State the formula you use and show your working.

formula

working

[2]

© UCLES 2016 0654/31/0/N/16 [Turn over
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4 A gardener increases the number of trees by taking cuttings. The gardener cuts off part of a stem
(the cutting) and places it in water, as shown in Fig. 4.1.

cutting \_/(
placed in
water

Fig. 4.1

The cutting develops roots as shown in Fig. 4.2. The gardener then plants the cutting in the
ground.

cutting

|_—developing roots

Fig. 4.2

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

© UCLES 2016 0654/31/0/N/16
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(b) Suggest how the cutting will compare to the parent tree in
(i) its genotype,

(ii) its overall appearance once it is fully grown.

(c) Before the roots develop on a cutting, the gardener encloses the cutting in a plastic bag, as
shown in Fig. 4.3.

plastic bag

cutting

Fig. 4.3

Suggest why the gardener places the plastic bag over the cutting before the roots develop.

© UCLES 2016 0654/31/0/N/16 [Turn over
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(d) As the cutting grows, it needs nitrate ions and magnesium ions for healthy growth.
Describe the effect on the cutting of

(i) a deficiency of nitrate ions,

© UCLES 2016 0654/31/0/N/16



5 Astudent studies the relative reactivity of four metals.

13

She adds small pieces of different metals to solutions of metal salts.

The metals and solutions she uses, together with her results, are shown in Table 5.1.

Table 5.1
zinc copper silver metal M
sulfate solution sulfate solution nitrate solution salt solution
zinc v v v
copper v X
silver X X
metal M v

key v shows that a metal displacement reaction occurs
X shows that a reaction does not occur

(@) (i) Zinc reacts with copper sulfate solution because zinc is more reactive than copper.

(ii)

© UCLES 2016

Describe and explain one change of colour which is observed when zinc and copper
sulfate solution react.

(o] o 1-Y=T V2= 14 (0] o NPT

Use the results in Table 5.1 and the Periodic Table to suggest the proton number of
metal M from the list.

11 20 26
Explain your answer.
proton number of metal M ...................
EXPIANATION ... e e e e e e e e e aes
[2]
0654/31/0/N/16 [Turn over
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(b) The reaction between zinc and silver nitrate solution is shown by the balanced ionic equation.
Zn(s) + 2Ag*(aq) — Zn%*(aq) + 2Ag(s)

(i) State the meaning of the state symbol (aq).

(ii) Use the information in the ionic equation to explain why the reaction between zinc atoms
and silver ions is an example of a redox reaction.

(c) In another experiment, shown in Fig. 5.1, the student adds magnesium ribbon to excess
copper sulfate solution.

She measures the temperature of the solution for ten minutes.

thermometer

lid

insulated
beaker " copper sulfate
,,,,,,,,,,,,,,,,, solution
magnesium
ribbon

Fig. 5.1

© UCLES 2016 0654/31/0/N/16
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Fig. 5.2 shows a graph of her results.

A

temperature / ~

0 1 2 3 4 5 6 7 8 9 10

time/minutes

Fig. 5.2
Complete the sentences below using suitable words.
During the first three minutes of the experiment the temperature rises. The speed of the
particles in the sOIUtion ... .
The temperature rises because the reaction is ...,

AN . energy is transferred into thermal energy.
3]

© UCLES 2016 0654/31/0/N/16 [Turn over
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6 Fig. 6.1 shows a train.

Fig. 6.1

The train starts from rest and accelerates with constant acceleration. The train reaches 45m/s
after 60 seconds.

The train then continues at this constant speed for 150 seconds.
(@) (i) On the grid below sketch a speed/time graph for the train.

80

70

60

50

speed
m/s 40

30

20

10

0 50 100 150 200 250
time/s

(2]

(ii) Describe how you could calculate the distance travelled by the train from the speed/time
graph.

© UCLES 2016 0654/31/0/N/16
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(b) The train has a mass of 6.0 x 10%kg.
Calculate the kinetic energy of the train 120 seconds after the train starts from rest.
State the formula you use and show your working.

formula

working

KINEtiC BNergy = .....coeiiiiiiiiiieeeee e J [3]

(c) During one part of the journey the train accelerates at 0.75m/s?.
Calculate the force required to cause this acceleration.
State the formula you use and show your working.

formula

working

© UCLES 2016 0654/31/0/N/16 [Turn over
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7 (a) Use the terms in the list to complete the sentences about homeostasis.
Each term may be used once, more than once, or not at all.
against away from concentration environment

negative positive temperature towards within

Homeostasis is defined as the maintenance of a constant internal

the set point.
[3]

(b) Fig. 7.1 shows how the glucose concentration of a person’s blood changes over a period of
three hours during the middle of the day.

7

6 RELN
blood glucose \\
concentration 1 N .

in mMol/litre N
I AN
5 N
N / AS
\ /
! I e
S /

4 ~. V

3

11:00 12:00 13:00 14:00

time of day/hours
Fig. 7.1

(i) State the time at which the person’s blood glucose concentration is highest.

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

(ii) Suggest why the person’s blood glucose concentration rises immediately after the first
hour.

© UCLES 2016 0654/31/0/N/16
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(iii) Suggest two processes in the cells of the body that may cause the glucose concentration
to decrease.

L OSSPSR
e nraeaean
(2]
(c) Describe the role of the liver in the control of the glucose concentration in blood.
............................................................................................................................................... [3]

© UCLES 2016 0654/31/0/N/16 [Turn over
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8 (a) Fig. 8.1 represents the electron arrangement in an atom of sulfur.

(i)

(ii)

© UCLES 2016

key
X electron
O nucleus

Fig. 8.1
State the charge of the ion that forms from a sulfur atom.

Explain this charge in terms of the number of protons and the number of electrons.

Zinc is extracted from rocks containing zinc sulfide, ZnS.

Use this formula and your answer to (a)(i) to predict and explain the charge of an ion of
zinc.

0654/31/0/N/16
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(b) Zinc is produced by the electrolysis of a concentrated solution of zinc sulfate.

Fig. 8.2 shows the apparatus used to produce zinc by this method.

d.c. power
supply

negative positive
electrode electrode

NG 2/

electrolyte containing
zinc sulfate

Fig. 8.2
During electrolysis, the cathode becomes covered by a layer of zinc atoms.

Describe why zinc atoms form on the cathode.

(c) Alayer of zinc on the surface of a steel object prevents the object from rusting.

(i) State the word that is used to describe steel that is protected from rusting by a layer of
zinc.

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

(ii) Explain why a layer of zinc will continue to protect steel from rusting even when the zinc
layer is damaged to expose the steel.

© UCLES 2016 0654/31/0/N/16 [Turn over
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(d) Brass is an alloy of zinc and copper.
Many types of brass are less malleable than zinc or copper.

State the meaning of the term malleable.

© UCLES 2016 0654/31/0/N/16
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9 (a) A nuclear power station uses the energy from nuclear fission to generate electricity.
Plutonium-239 can be used in nuclear fission.

(i) Describe the difference between nuclear fission and nuclear fusion.

(i) Plutonium-239, 282 Pu, decays by alpha (o) emission to produce an isotope of uranium.

Use the correct nuclide notation to write a symbol equation for this decay process.

282 Pu = +

[3]

(b) The voltage in a power station is increased using a transformer before transmitting electrical
power.

(i) Explain the benefit of transmitting electrical power at a high voltage.

© UCLES 2016 0654/31/0/N/16 [Turn over
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(i) Fig. 9.1 shows a simple transformer.

( N\
O— —O
primary secondary
coil coil
Oo— —O
core
Fig. 9.1

The transformer increases the voltage from 25000V to 600000 V. The number of turns in
the primary coil is 5000.

Calculate the number of turns in the secondary coil.
State the formula you use and show your working.

formula

working

number Of tUMNS = ... [3]

© UCLES 2016 0654/31/0/N/16
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(c) An overhead power cable transmits electrical power from the power station to a town 10km
away. The resistance of the cable is 6.5 Q.

(i) Predict the resistance of a cable which has twice the cross-sectional area.

(ii)

(iif)

© UCLES 2016

resistance = ........cccc Q[2]

State one way of changing the resistance of the cable, other than changing its
cross-sectional area.

Apart from the increased cost, suggest and explain one negative effect of doubling the
cross-sectional area of the cable.

0654/31/0/N/16 [Turn over
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10 (a) Fig. 10.1 shows a fetus developing in the uterus.

fetus

Fig. 10.1

(i) Name the parts labelled X, Y and Z.

X e
Y e
Zoooooeeee s
3]
(i) State the function of part Y.
....................................................................................................................................... [1]

(iii) Describe how the blood flowing away from the fetus in part Z differs in composition from
that flowing towards the fetus.

© UCLES 2016 0654/31/0/N/16
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(b) After a baby is born, the mother can feed her baby by breast-feeding or by bottle-feeding.

(i) Describe two benefits of breast-feeding.

1L PRSPPSO
2
(2]

(ii) Describe one benefit of bottle-feeding.
....................................................................................................................................... [1]

© UCLES 2016 0654/31/0/N/16 [Turn over
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11 Fig. 11.1 shows apparatus used to investigate the compounds produced when ethanol burns.

U-tube

|| pump draws
] JL { combustion products

through the apparatus
—

ethanol

burner limewater

J

cobalt chloride cold water
paper

Fig. 11.1

(a) Before the ethanol burner is lit, the cobalt chloride paper is blue and the limewater is
colourless.

Predict and explain the changes in appearance of the cobalt chloride paper and the limewater
shortly after the burner is lit.

CODAlt ChIOMAE PAPET ...t e e e e e e e e e e e e e e aanes
EXPIANATION e e e e e e e e e e e e e e e rr e e e e e e e e aaa
[T g == (=] PP PRRT TP PPI

EXPIANATION .o r e e e e e e e e e e e e e r e e e e e e e e aan

(b) Name two substances that react together in an addition reaction to produce ethanol.

(1]

© UCLES 2016 0654/31/0/N/16
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(c) The formula of ethanol is C,HgO.

(i) Show that the relative molecular mass of ethanol is 46.

[1]

(ii) Calculate the mass of ethanol contained in 250cm?3 of an aqueous solution that has a
concentration of 0.5mol/dm3.

Show your working and give the unit.

mass of ethanol = ..........cccccciiiiiis unit = ..o, [3]

© UCLES 2016 0654/31/0/N/16 [Turn over



12 (a) A star emits y-rays and visible light.

30

y-rays and visible light are parts of the electromagnetic spectrum.

(i) Place y-rays and visible light in their correct positions in the incomplete electromagnetic

spectrum shown in Fig. 12.1.

[1]

X-rays

infra-red
waves

microwaves

Fig. 12.1

(ii) State why it takes the same time for y-rays and visible light to travel from the star to the
Earth.

(iii) The y-rays are more dangerous than visible light to an observer on a space station.

Explain why.

(b) Below are four terms used to describe a wave. Draw a line from each term to its definition.

term

amplitude

frequency

speed

wavelength

© UCLES 2016

definition

how far the wave travels in one second

the distance from any point on one wave to
the same point on the next wave

the distance from the centre of a wave to the
top or to the bottom of the wave

the number of waves passing a fixed point in
one second

0654/31/0/N/16

[2]
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(c) Telescopes used to observe stars contain mirrors.

Fig. 12.2 shows two rays of light from an object O striking a mirror.

% mirror

Fig. 12.2
(i) Draw the reflected rays. (1]

(ii) Extend the lines of the reflected rays behind the mirror to show the position of the
image. Label the image I.

(1]

(d) Telescopes also contain lenses.

Rays of light from a distant star pass through the lens shown in Fig. 12.3.

=

Fig. 12.3
(i) On Fig. 12.3, use a double-headed arrow (<*) to indicate the focal length of the lens.[1]
(i) As light passes through the lens, the direction of the light is changed.

State the name of this process.

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

© UCLES 2016 0654/31/0/N/16
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