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1 Aluminium foil is made when aluminium is rolled into thin sheets. 

 Aluminium foil is used to make food containers and fizzy-drink cans.

roll of aluminium foil food container fizzy-drink can

 (a) (i) State the property of aluminium that allows it to be rolled into thin sheets.

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

  (ii) Many types of food and drink are acidic.

   State the property of aluminium that makes it suitable for making food containers and 
fizzy-drink cans.

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

 (b) Aluminium used to make fizzy-drink cans contains small amounts of other metals.

  As well as the liquid, the fizzy-drink can contains gas under pressure.

  (i) State the word used for a mixture of metals.

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

  (ii) Suggest a reason why aluminium, containing small amounts of other metals, rather than 
pure aluminium, is used for fizzy-drink cans.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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 (c) Fig. 1.1 shows the process that is used to extract aluminium from aluminium oxide.

– +

electrolyte

containing molten

aluminium oxide

gas bubbles

d.c. power

supply

aluminium

Fig. 1.1

  (i) Name the process shown in Fig. 1.1.

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

  (ii) Label the cathode on Fig. 1.1. [1]

  (iii) State the element that is contained in the gas bubbles shown in Fig. 1.1.

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

 (d) Aluminium oxide contains aluminium ions and oxide ions.

  (i) State, in terms of electrons, how a metal atom is converted into an ion.

 ...........................................................................................................................................

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

  (ii) In aluminium oxide, two aluminium ions are present for every three oxide ions.

   State the chemical formula of aluminium oxide.

 .......................................................................................................................................[1]
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2 Fig. 2.1 shows some blood, as seen through a microscope.

X

Y

Fig. 2.1

 (a) (i) Name the parts of the blood labelled X and Y. 

X  .......................................................................................................................................

Y  .......................................................................................................................................
 [2]

  (ii) State the function of the part labelled X.

 ...........................................................................................................................................

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

  (iii) Name two other components of the blood not shown in Fig. 2.1.

1  .......................................................................................................................................

2  .......................................................................................................................................
 [2]
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 (b) Fig. 2.2 shows a possible route that the blood might take, in travelling from the vena cava to 
one of the kidneys.

  Complete the route by filling in the blanks in the boxes to show the name of a blood vessel or 
a chamber of the heart.

vena cava

right .......................

right ventricle

pulmonary .......................

lung

.................................. vein

left atrium

left .......................

aorta

.................................. artery

kidney

Fig. 2.2
 [5]
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3 (a) Some oil leaks from an oil tanker. It forms a very thin layer of oil on the surface of the seawater.

  The density of the oil is 880 kg / m3.

  The density of seawater is 1025 kg / m3.

  Why does the oil float on top of the seawater?

 ...................................................................................................................................................

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

 (b) Fig. 3.1 represents a water wave on the surface of the sea.

–0.50

–0.25

0.25

0.50

0
displacement / m

1 2 3 4 5 6 7 8
distance / m

Fig. 3.1

  (i) Determine the amplitude of the wave.

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

  (ii) Determine the wavelength of the wave.

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

  (iii) Two waves pass a fixed point in the sea over a period of 20 seconds.

   Calculate the frequency of the waves.

 frequency =  ....................................................  Hz [1]



7

0654/23/M/J/16© UCLES 2016 [Turn over

 (c) The oil tanker is carrying crude oil. Crude oil is a non-renewable energy resource.

  Other energy resources are shown in Table 3.1.

Table 3.1

non-renewable renewable

coal

geothermal energy

hydroelectricity

natural gas

solar 

energy from ocean waves

tidal energy

  (i) Identify two non-renewable energy resources by placing a tick (✓) in the non-renewable 
column. [1]

  (ii) Identify two renewable energy resources by placing a tick (✓) in the renewable column.
 [1]

 (d) The depth of the sea below the oil tanker is determined by sending out pulses of ultrasound 
waves through the water. The ultrasound pulses reflect off the sea bed and the echoes are 
detected on the oil tanker.

  Humans cannot hear ultrasound waves.

  (i) State the maximum audible frequency for a human.

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

  (ii) State the minimum audible frequency for a human.

   ............................................... Hz [1]
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  (iii) The echo of an ultrasound wave emitted by the oil tanker is detected 1.2 seconds later. 
The speed of ultrasound waves in water is 1500 m / s.

   Calculate the depth of the sea below the oil tanker.

   State the formula you use and show your working.

   formula

   working

 distance =  ...................................................... m [2]
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4 In the African savannah (grassland), zebras feed on grass. They are preyed on by carnivores, 
such as lions. The lions have fleas in their fur. The fleas feed on the lions’ blood.

 (a) Construct a food chain containing four organisms, based on this description.

 [2]

 (b) In the savannah, state the term that describes 

  (i) grasses and other plants,

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

  (ii) zebras and lions,

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

  (iii) zebras, but not lions.

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

 (c) In ecosystems such as the savannah, carbon atoms circulate in the carbon cycle.

  Name a carbon compound that is

  (i) absorbed by grasses,

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

  (ii) transferred from zebras to lions,

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

  (iii) released by lions into the atmosphere.

 .......................................................................................................................................[1]
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5 (a) Fig. 5.1 shows two headlamps in a car. The headlamps are connected in parallel with the 
battery. A switch and a fuse are also connected in the circuit.

battery switch

fuse

lamps

Fig. 5.1

  Draw the circuit diagram for the car headlamps, shown in Fig. 5.1, using circuit symbols. 

 [2]
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 (b) When the headlamps are switched on, visible light is emitted.

  Fig. 5.2 shows part of the electromagnetic spectrum. Visible light is part of the electromagnetic 
spectrum.

  On Fig. 5.2, write visible light in the correct place. [1]

gamma
radiation

ultraviolet infra-red
radio
waves

Fig. 5.2

 (c) A small panel of the bodywork of the car is painted using an electrostatic paint spray gun. 

  The paint droplets leave the spray gun with a positive electric charge.

  The bodywork panel is given a negative electric charge.

  This is shown in Fig. 5.3.

paint

positively charged

paint droplets
negatively charged

bodywork panel

+ –

Fig. 5.3

  Explain why this method ensures that the paint reaches the panel.

 ...................................................................................................................................................

 ...............................................................................................................................................[1]
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 (d) Fig. 5.4 shows the car travelling across a bridge made from concrete sections. There are 
gaps between each section, which are filled with a flexible material, such as rubber.

rubber concrete roadconcrete road

Fig. 5.4

  Why are the gaps filled with a flexible material?

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (e) The driver of the car sees a bus in his mirror, as shown on Fig. 5.5.

BUS

Fig. 5.5

  Apart from any changes in size, describe two characteristics of the image that the driver 
sees.

1  ................................................................................................................................................

2  ................................................................................................................................................
 [2]
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6 (a) The inheritance of sex in humans depends on the sex chromosomes.

  State the sex chromosomes present in

  (i) a body cell of a female,

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

  (ii) an egg cell,

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

  (iii) a body cell of a male,

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

  (iv) a sperm cell.

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

 (b) State the name for a fertilised egg cell.

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

 (c) Fig. 6.1 shows the female reproductive system and associated structures, shown in 
cross section.

R

S

Fig. 6.1

  (i) On Fig. 6.1, label with the letter P, the place where fertilisation occurs.

   On Fig. 6.1, label with the letter Q, the place where the ball of cells resulting from a 
fertilised egg cell becomes implanted for further development. [2]

  (ii) Name the structures labelled R and S.

R  ........................................................................................................................................

S  ........................................................................................................................................
 [2]

  (iii) State one function of the part labelled S.

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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7 (a) Manganese dioxide, a black powder, is added to an aqueous solution of a compound, J.

  This causes compound J to decompose and release a gas that relights a glowing splint.

  Name this gas.

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

 (b) Fig. 7.1 shows apparatus and materials a student uses to investigate the speed of the reaction 
described in (a).

gas bubbles

gas syringe

solution of compound J

2.0 g of black manganese dioxide

piston

Fig. 7.1

  The student measures the time, in seconds, taken to collect 100 cm3 of gas.

  She then finds the speed of reaction using the equation shown.

speed of reaction = 
100

time in seconds
 cm3 / s

  (i) Calculate the speed of reaction if the time taken to produce 100 cm3 of gas is 40 seconds.

 speed of reaction =  ............................................... cm3 / s [1]

  (ii) Suggest one change the student can make to her experiment that decreases the time 
taken to collect 100 cm3 of gas.

 ...........................................................................................................................................

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



15

0654/23/M/J/16© UCLES 2016 [Turn over

  (iii) Manganese dioxide is a catalyst for the decomposition of compound J. The student uses 
2.0 g of manganese dioxide in her experiment.

   State the mass of manganese dioxide that remains at the end of the reaction. Explain 
your answer.

   mass of manganese dioxide remaining ............................. g

explanation  ........................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................
 [2]

  (iv) Suggest two facts about manganese dioxide that would show that manganese is a 
typical transition metal.

1  ........................................................................................................................................

 ...........................................................................................................................................

2  ........................................................................................................................................

 ...........................................................................................................................................
 [2]
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8 Fig. 8.1 shows the inside of a refrigerator.

freezing

compartment

Fig. 8.1

 (a) (i) The air inside the refrigerator is cooled.

   On Fig. 8.1, draw one straight arrow to show the movement of the air cooled by the 
freezing compartment.  [1]

  (ii) State the name of this heat transfer process.

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

 (b) In the freezing compartment of the refrigerator, there is an ice tray with a volume of 300 cm3.

  The tray is completely filled with ice.

  The density of ice is 0.92 g / cm3.

  Calculate the mass of the ice in the tray.

  State the formula you use and show your working.

  formula

  working

 mass =  ........................................................g [2]
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 (c) The ice has been made by freezing some water.

  Fig. 8.2 shows the arrangement of the particles in a liquid and in a solid.

A B

Fig. 8.2

  Use the letters A or B from Fig. 8.2 to fill in the blank and complete the statement to explain 
your choice.

  Diagram ................... shows a solid because the particles  .......................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (d) There is a lamp inside the refrigerator. The supply voltage is 220 V and the current through 
the lamp is 0.04 A.

  (i) Show that the resistance of the lamp is 5500 Ω.

   State the formula you use and show your working. 

   formula

   working

 [2]

  (ii) Two lamps identical to the lamp in (d) (i) are connected in parallel.

   The combined resistance of the two lamps is one of the following values.

2750 Ω     5500 Ω     11 000 Ω     22 000 Ω

   Circle the correct value for the combined resistance. Explain your answer.

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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 (e) Food kept in a refrigerator stays fresh for longer.

  Another way to keep food fresh is to treat it with ionising radiation.

  (i) Describe what is meant by the term ionising radiation.

 ...........................................................................................................................................

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

  (ii) Name one type of ionising radiation.

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

  (iii) State one danger of ionising radiation to the human body.

 .......................................................................................................................................[1]
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9 Table 9.1 shows information of some of the elements found in the same period of the Periodic 
Table.

Table 9.1

Group IV V VI VII VIII

element symbol Si P S Cl Ar

proton number 14 15 16 17 18

melting point / °C 1687 44 115 –102 –189

 (a) (i) State which period of the Periodic Table contains the elements shown in Table 9.1.

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

  (ii) Name the most reactive metal that is in the same period as the elements in Table 9.1.

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

  (iii) Explain the meaning of the following statement.

   Silicon has a proton number of 14.

 ...........................................................................................................................................

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

  (iv) State the number of electrons in a phosphorus atom.

   number of electrons .................................. [1]

  (v) Explain why a phosphorus atom is electrically neutral (neither positive nor negative).

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

  (vi) Describe the general trend in the melting points of the elements in Table 9.1.

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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 (b) Argon is in Group VIII of the Periodic Table.

  (i) State the name of the family of elements in Group VIII.

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

  (ii) Fig. 9.1 shows caesium stored in a sealed glass container. Caesium is a reactive metal. 

argon

caesium

Fig. 9.1

   Argon is also present in the container.

   Why is argon used to fill the rest of the container rather than air?

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

 (c) Chlorine is in Group VII of the Periodic Table.

  (i) State why a colourless solution of sodium iodide becomes dark brown when it reacts 
with chlorine.

 ...........................................................................................................................................

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

  (ii) Explain why chlorine is used to treat water that is supplied for drinking.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]
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10 A student pinned a young bean plant to a cork board. The plant was on its side with light shining 
on it from above, as shown in Fig. 10.1.

cork board

pin

stand

bean plant

light

Fig. 10.1

 Fig. 10.2 shows the appearance of the plant after two days.

cork board

stand

light

Fig. 10.2

 (a) State two characteristics of living organisms that cause the change in the appearance of the 
bean plant.

1  ................................................................................................................................................

2  ................................................................................................................................................
[2]
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 (b) The student concluded that his experiment showed that the plant stem responds to light by 
growing towards it.

  (i) State the name for the type of response where a plant grows towards the light.

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

  (ii) The student’s experiment does not justify his conclusion. Explain why not.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

  (iii) Explain why growing towards the light increases the survival chances of a plant.

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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11 (a) An athlete is training for a race. She runs along a race track. She accelerates from rest at a 
constant rate for 20 seconds and reaches a maximum speed of 6 m / s. 

  She continues at this speed for another 20 seconds.

  During the next 5 seconds she slows down steadily and stops.

  (i) On the grid below draw a speed / time graph to show the motion of the athlete.

0
0

2

1

4

3

6

5

8

7

10 20 30 40 50

time / s

speed

m / s

 [3]

  (ii) Complete the sentence below, choosing the correct forms of energy.

   As the athlete runs, the ............................................................................. energy in the

   food she has eaten changes to .................................................................... energy and 

thermal energy. [2]
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 (b) Fig. 11.1 shows another athlete running a race.

Fig. 11.1

  Two forces acting on the athlete are his weight E and air resistance F, which slows the athlete.

  Draw arrows on Fig. 11.1 to show the directions of these two forces. Label each force clearly 
using the letters E and F.  [2]
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 (c) A spectator is watching the race. He is standing behind other spectators and cannot see the 
race directly. He uses a periscope to see the race more clearly.

  Fig. 11.2 shows the path of a ray of light passing through the periscope. 

normal

normal

mirror H

mirror G

Fig. 11.2

  (i) On Fig. 11.2, use the letter i to indicate the angle of incidence of the ray striking mirror G.
 [1]

  (ii) The angle of incidence of the ray striking mirror G is 45°. 

State the angle of reflection. Explain your answer.

angle of reflection =    ................ °

explanation  ........................................................................................................................

 .......................................................................................................................................[2]
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12 (a) Petroleum is a fossil fuel.

  (i) Name one other fossil fuel.

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

  (ii) In the right hand column of Table 12.1 write a tick (✓) if the sentence about petroleum is 
correct or a cross (✗) if it is incorrect.

Table 12.1

It is a single compound made of hydrogen and carbon.

It is extracted from the Earth’s crust.

It can be used as a fuel for cars.

It has taken millions of years to form.

 [2]

 (b) Fig. 12.1 shows two processes which are carried out at an oil refinery.

hot

petroleum

alkanes

process Z

mixture of alkanes

and alkenes

fractional

distillation

hot catalyst

Fig. 12.1



27

0654/23/M/J/16© UCLES 2016 [Turn over

  (i) Explain why fractional distillation is used to process petroleum.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

  (ii) State whether the changes that take place during fractional distillation are physical 
changes or chemical changes. Explain your answer.

   type of change ....................................................

explanation  ........................................................................................................................

 ........................................................................................................................................... 

 .......................................................................................................................................[2]

 (c) Process Z, shown in Fig. 12.1, is used to produce alkenes from alkanes.

  (i) Name process Z.

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

  (ii) State which one of the four molecules, L, M, N and O, in Fig. 12.2 is an alkene.

   Give a reason for your answer.

H

H

H HCC O

H

H

H HC

H

H

H

H

H CC H

H

H

H

H

CC

H

H

molecule L molecule M

molecule N molecule O

Fig. 12.2

molecule ..................

reason  ...............................................................................................................................

 .......................................................................................................................................[2]
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13 Scientists have investigated the possibility of humans living on the planet Mars. To live on Mars 
people would need to grow plants on the planet.

 (a) Explain why humans would be dependent on these plants.

 ...................................................................................................................................................

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

 (b) Table 13.1 shows some of the conditions on Mars, compared to Earth.

Table 13.1

Earth Mars

distance from the 
Sun / millions of km

149.6 227.9

mean surface 
temperature / °C

14 –55

carbon dioxide in 
the atmosphere / %

0.03 95

availability of water large amounts traces

  (i) Explain why the distance of the planet from the Sun would be important for plants growing 
on Mars.

 ...........................................................................................................................................

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

  (ii) State one way in which water is needed to keep plants alive.

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

  (iii) State whether the carbon dioxide concentration of the atmosphere on Mars (compared 
to that on Earth) will increase plant growth. Explain your answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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  (iv) If large numbers of plants were grown on Mars for a long period of time, predict how this 
might change the planet’s atmosphere. Explain your answer.

   change

 ...........................................................................................................................................

   explanation 

 ...........................................................................................................................................

 ...........................................................................................................................................
 [2]



30

0654/23/M/J/16© UCLES 2016

BLANK PAGE



31

0654/23/M/J/16© UCLES 2016

BLANK PAGE



32

0654/23/M/J/16© UCLES 2016

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International 

Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 

the live examination series.

G
ro

u
p

T
h

e
 P

e
ri

o
d

ic
 T

a
b

le
 o

f 
E

le
m

e
n

ts

1 H
h

y
d

ro
g

e
n

1

2

H
e

h
e

liu
m

4

I
II

II
I

IV
V

V
I

V
II

V
II
I

3 L
i

lit
h

iu
m

7

4 B
e

b
e

ry
lli

u
m

9

a
to

m
ic

 n
u

m
b

e
r

a
to

m
ic

 s
y
m

b
o

l

K
e

y

n
a

m
e

re
la

ti
v
e

 a
to

m
ic

 m
a

s
s

1
1

N
a

s
o

d
iu

m

2
3

1
2

M
g

m
a

g
n

e
s
iu

m

2
4

1
9 K

p
o

ta
s
s
iu

m

3
9

2
0

C
a

c
a

lc
iu

m

4
0

3
7

R
b

ru
b

id
iu

m

8
5

3
8

S
r

s
tr

o
n

ti
u

m

8
8

5
5

C
s

c
a

e
s
iu

m

1
3

3

5
6

B
a

b
a

ri
u

m

1
3

7

8
7

F
r

fr
a

n
c
iu

m

–

8
8

R
a

ra
d

iu
m

–

5 B
b

o
ro

n

1
1

1
3

A
l

a
lu

m
in

iu
m

2
7

3
1

G
a

g
a

lli
u

m

7
0

4
9

I
n

in
d

iu
m

1
1

5

8
1 T
l

th
a

lli
u

m

2
0

4

6 C
c
a

rb
o

n

1
2

1
4 S
i

s
ili

c
o

n

2
8

3
2

G
e

g
e

rm
a

n
iu

m

7
3

5
0

S
n

ti
n

1
1

9

8
2

P
b

le
a

d

2
0

7

2
2 T
i

ti
ta

n
iu

m

4
8

4
0

Z
r

z
ir
c
o

n
iu

m

9
1

7
2

H
f

h
a

fn
iu

m

1
7

8

1
0

4

R
f

ru
th

e
rf

o
rd

iu
m

–

2
3 V

v
a

n
a

d
iu

m

5
1

4
1

N
b

n
io

b
iu

m

9
3

7
3

T
a

ta
n

ta
lu

m

1
8

1

1
0

5

D
b

d
u

b
n

iu
m

–

2
4

C
r

c
h

ro
m

iu
m

5
2

4
2

M
o

m
o

ly
b

d
e

n
u

m

9
6

7
4

W
tu

n
g

s
te

n

1
8

4

1
0

6

S
g

s
e

a
b

o
rg

iu
m

–

2
5

M
n

m
a

n
g

a
n

e
s
e

5
5

4
3

T
c

te
c
h

n
e

ti
u

m

– 7
5

R
e

rh
e

n
iu

m

1
8

6

1
0

7

B
h

b
o

h
ri
u

m

–

2
6

F
e

ir
o

n

5
6

4
4

R
u

ru
th

e
n

iu
m

1
0

1

7
6

O
s

o
s
m

iu
m

1
9

0

1
0

8

H
s

h
a

s
s
iu

m

–

2
7

C
o

c
o

b
a

lt

5
9

4
5

R
h

rh
o

d
iu

m

1
0

3

7
7

I
r

ir
id

iu
m

1
9

2

1
0

9

M
t

m
e

it
n

e
ri
u

m

–

2
8

N
i

n
ic

k
e

l

5
9

4
6

P
d

p
a

lla
d

iu
m

1
0

6

7
8

P
t

p
la

ti
n

u
m

1
9

5

1
1

0

D
s

d
a

rm
s
ta

d
ti
u

m

–

2
9

C
u

c
o

p
p

e
r

6
4

4
7

A
g

s
ilv

e
r

1
0

8

7
9

A
u

g
o

ld

1
9

7

1
1
1

R
g

ro
e

n
tg

e
n

iu
m

–

3
0

Z
n

z
in

c

6
5

4
8

C
d

c
a

d
m

iu
m

1
1

2

8
0

H
g

m
e

rc
u

ry

2
0

1

1
1

2

C
n

c
o

p
e

rn
ic

iu
m

–

1
1

4

F
l

fl
e

ro
v
iu

m

–

1
1

6

L
v

liv
e

rm
o

ri
u

m

–

7 N
n

it
ro

g
e

n

1
4

1
5 P

p
h

o
s
p

h
o

ru
s

3
1

3
3

A
s

a
rs

e
n

ic

7
5

5
1

S
b

a
n

ti
m

o
n

y

1
2

2

8
3 B
i

b
is

m
u

th

2
0

9

8 O
o

x
y
g

e
n

1
6

1
6 S

s
u

lf
u

r

3
2

3
4

S
e

s
e

le
n

iu
m

7
9

5
2

T
e

te
llu

ri
u

m

1
2

8

8
4

P
o

p
o

lo
n

iu
m

–

9 F
fl
u

o
ri
n

e

1
9

1
7

C
l

c
h

lo
ri
n

e

3
5

.5

3
5

B
r

b
ro

m
in

e

8
0

5
3 I

io
d

in
e

1
2

7

8
5

A
t

a
s
ta

ti
n

e

–

1
0

N
e

n
e

o
n

2
0

1
8

A
r

a
rg

o
n

4
0

3
6

K
r

k
ry

p
to

n

8
4

5
4

X
e

x
e

n
o

n

1
3

1

8
6

R
n

ra
d

o
n

–

2
1

S
c

s
c
a

n
d

iu
m

4
5

3
9 Y

y
tt

ri
u

m

8
9

5
7

–
7

1

la
n

th
a

n
o

id
s

8
9

–
1

0
3

a
c
ti
n

o
id

s

5
7

L
a

la
n

th
a

n
u

m

1
3

9

8
9

A
c

la
n

th
a

n
o

id
s

a
c
ti
n

o
id

s

T
h

e
 v

o
lu

m
e

 o
f 
o

n
e

 m
o

le
 o

f 
a

n
y
 g

a
s
 i
s
 2

4
 d

m
3
 a

t 
ro

o
m

 t
e

m
p

e
ra

tu
re

 a
n

d
 p

re
s
s
u

re
 (

r.
t.

p
.)

a
c
ti
n

iu
m

–

5
8

C
e

c
e

ri
u

m

1
4

0

9
0

T
h

th
o

ri
u

m

2
3

2

5
9

P
r

p
ra

s
e

o
d

y
m

iu
m

1
4

1

9
1

P
a

p
ro

ta
c
ti
n

iu
m

2
3

1

6
0

N
d

n
e

o
d

y
m

iu
m

1
4

4

9
2 U

u
ra

n
iu

m

2
3

8

6
1

P
m

p
ro

m
e

th
iu

m

– 9
3

N
p

n
e

p
tu

n
iu

m

–

6
2

S
m

s
a

m
a

ri
u

m

1
5

0

9
4

P
u

p
lu

to
n

iu
m

–

6
3

E
u

e
u

ro
p

iu
m

1
5

2

9
5

A
m

a
m

e
ri
c
iu

m

–

6
4

G
d

g
a

d
o

lin
iu

m

1
5

7

9
6

C
m

c
u

ri
u

m

–

6
5

T
b

te
rb

iu
m

1
5

9

9
7

B
k

b
e

rk
e

liu
m

–

6
6

D
y

d
y
s
p

ro
s
iu

m

1
6

3

9
8

C
f

c
a

lif
o

rn
iu

m

–

6
7

H
o

h
o

lm
iu

m

1
6

5

9
9

E
s

e
in

s
te

in
iu

m

–

6
8

E
r

e
rb

iu
m

1
6

7

1
0

0

F
m

fe
rm

iu
m

–

6
9

T
m

th
u

liu
m

1
6

9

1
0

1

M
d

m
e

n
d

e
le

v
iu

m

–

7
0

Y
b

y
tt

e
rb

iu
m

1
7

3

1
0

2

N
o

n
o

b
e

liu
m

–

7
1

L
u

lu
te

ti
u

m

1
7

5

1
0

3

L
r

la
w

re
n

c
iu

m

–


