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1 Fig. 1.1 shows a diagram of a cross-section through an artery.

outer layer of wall

muscle and elastic fibres

lumen

Fig. 1.1

 (a) Blood vessels have structural adaptations depending on their function.

  (i) Describe the structural adaptations of the artery shown in Fig. 1.1.

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

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

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

  (ii) Describe two ways in which the structure of a vein differs from the structure of the artery.

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

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

 (b) Table 1.1 shows some of the blood vessels carrying blood to and from the body’s organs.

  Complete Table 1.1 with the names of the blood vessels.

Table 1.1

organ
blood vessel bringing 

blood to the organ
blood vessel taking blood 

away from the organ

heart aorta

kidney renal artery

liver hepatic vein

lungs

 [4]
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2 (a) (i) State one physical property of all metals.

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

  (ii) Name the collection of metals in the Periodic Table that includes copper.

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

  (iii) State two properties of copper that are not typical properties of all metals.

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

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

 (b) Fig. 2.1 shows apparatus a teacher uses to obtain copper by heating a mixture of copper 
oxide and carbon. 

heat

mixture of copper oxide

and carbon

solution J

Fig. 2.1

  (i) In this reaction, carbon dioxide gas is also produced.

   Construct the word equation for the reaction between copper oxide and carbon.

 +   
carbon 
dioxide

 + 

 [1]

  (ii) Identify which substance is oxidised during this reaction.

   Explain your answer.

substance  ..........................................................................................................................

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

 ...........................................................................................................................................
 [2]
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  (iii) Solution J is used to test for carbon dioxide.

   Name solution J and describe the change in its appearance when it reacts with carbon 
dioxide.

solution J  ...........................................................................................................................

change  ..............................................................................................................................
 [2]
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3 Fig. 3.1 shows a boat pulling a water skier across a lake.

Fig. 3.1

 (a) Fig. 3.2 shows the speed-time graph for the water skier over a 50 second period.

0
0

2

8

10

6

4

10 20 30

time / s

speed

m / s

40 50 60

Fig. 3.2

  (i) On the graph in Fig. 3.2, mark with a letter X a point when the water skier is not moving.
 [1]

  (ii) On the graph in Fig. 3.2, mark with a letter M a point when the water skier is travelling at 
maximum speed. [1]

  (iii) Determine the number of seconds the water skier is travelling at maximum speed.

  ........................................................  s [1]
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 (b) Fig. 3.3 shows the two horizontal forces acting on the water skier.

AF

Fig. 3.3

  A forward force A acts along the rope from the boat.

  A frictional force F caused by air resistance and water resistance acts in the opposite direction. 

  Place a tick (✓) in the box next to the statement that correctly describes the relative sizes of 
forces A and F when the skier is accelerating forwards.

Force A is greater than force F. 

Force A is equal to force F.  

Force A is less than force F. 
 [1]

 (c) The boat produces waves on the surface of the lake. This is shown in Fig. 3.4.

still water level

Fig. 3.4

  (i) On Fig. 3.4, use a double headed arrow ( ) to show the wavelength of a wave. [1]

  (ii) State what is meant by the amplitude of a wave.

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

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

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



7

0654/33/M/J/18© UCLES 2018 [Turn over

 (d) Use the words in the list to complete the labels on the diagram in Fig. 3.5 to describe the 
energy changes that occur in the engine of the boat.

  Each word may be used once, more than once or not at all.

chemical      geothermal      kinetic      light

nuclear      potential      sound      thermal

................................. energy

in the fuel

waste energy as

................................. energy

and ................................. energy

useful kinetic energy

of the moving boat

Fig. 3.5
 [2]

 (e) When the water skier has finished skiing, he dries himself off in the sun by allowing the water 
on his body to evaporate.

  Describe the process of this evaporation in terms of the energy and movement of water 
molecules.

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

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

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

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

 .............................................................................................................................................. [3]
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4 A person exercises for 30 minutes. Their internal body temperature during this time is recorded.

 Table 4.1 shows the results.

Table 4.1

time / minutes temperature / °C

0 36.8

10 37.5

20 38.8

30 39.4

 (a) (i)  Use Table 4.1 to calculate the difference in internal body temperature between the start 
and the end of exercise.

   Show your working.

 temperature  ..................................................... °C [1]

  (ii) Predict what happens to the internal body temperature after the exercise stops.

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

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

 (b) Internal body temperature increases during exercise.

  Describe the changes in the skin that occur when the body gets too hot.

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

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

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

 (c) Internal body temperature increases during exercise due to the increased rate of respiration 
in cells.

  Explain why the increased rate of respiration causes the internal body temperature to 
increase.

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

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

 .............................................................................................................................................. [2]
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 (d) Pulse rate also increases during exercise.

  Describe the changes that happen to the heart which increase pulse rate.

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

 .............................................................................................................................................. [1]
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5 Sodium is a metal in Group I of the Periodic Table.

 (a) A teacher adds a piece of sodium to a beaker of distilled, pH-neutral water.

  The water contains full-range indicator (Universal Indicator).

  This is shown in Fig. 5.1.

sodium hydroxide

solution forms

sodium

beaker

distilled water containing

full-range indicator

bubbles of

hydrogen gas

Fig. 5.1

  (i) State the indicator colour change that shows that an alkaline solution is forming in this 
reaction.

from  .............................................  to  .............................................  [2]

  (ii) Suggest the change in pH of the liquid in the beaker when sodium reacts with water.

from  .............................................  to  .............................................  [1]

  (iii) The reaction between sodium and water also produces hydrogen gas.

   Describe the test for hydrogen.

test  ....................................................................................................................................

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

  (iv) Describe how the teacher can show that the reaction between sodium and water is 
exothermic.

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

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

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



11

0654/33/M/J/18© UCLES 2018 [Turn over

 (b) (i) Chlorine is an element in Group VII of the Periodic Table.

   State the type of chemical bond in sodium chloride.

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

  (ii) Fig. 5.2 shows a process that separates the elements combined in copper chloride.

+ −

d.c. power

supply

aqueous

copper chloride

heat

Fig. 5.2

   Name this process.

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

  (iii) Use a label line and the letter A to label the anode in Fig. 5.2. [1]

  (iv) State the non-metallic element produced during the process in Fig. 5.2.

 ...................................................................................................................................... [1]
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6 An astronaut is living on the International Space Station (ISS).

 The astronaut uses a telescope to view a star.

 (a) Fig. 6.1 shows a lens that is used in the telescope.

  Light rays from the star pass through the lens and a clear image of the star is formed, 10 cm 
from the lens, at point P.

P

light rays

from star

Fig. 6.1

  (i) State the focal length of the lens.

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

  (ii) Name point P. 

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

 (b) Different types of telescope detect different radiations within the electromagnetic spectrum.

  Fig. 6.2 shows the electromagnetic spectrum.

γ-rays A ultraviolet
visible 
light

B microwaves
radio 

waves

Fig. 6.2

  (i) Identify A and B in Fig. 6.2.

A  ........................................................................................................................................

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

  (ii) State the part of the electromagnetic spectrum that has the highest frequency.

 ...................................................................................................................................... [1]
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 (c) The astronaut communicates with Earth using radio waves.

  The International Space Station (ISS) is 400 km above the Earth in space.

  (i) Radio waves travel at a speed of 300 000 km / s.

   Calculate the time taken for a radio signal to travel from the ISS to Earth.

   State the formula you use and show your working.

   formula

   working

 time =  .......................................................  s [2]

  (ii) State one reason why it is impossible to use sound waves for communication between 
the astronaut and Earth.

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

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

 (d) The ISS has several solar panels which convert solar energy to electricity.

  Solar energy is a renewable energy source.

  (i) State one other renewable energy source on Earth.

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

  (ii) State one non-renewable energy source on Earth.

 ...................................................................................................................................... [1]
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7 Fig. 7.1 shows a cross-section through a flower.

A

B

C

D

E

Fig. 7.1

 (a) Using the letters from Fig. 7.1, identify the parts of the flower that have the following functions.

attracting insects for pollination  ................

producing ovules  ................

producing pollen  ................

protecting the plant when in bud  ................
 [4]

 (b) Sexual reproduction in the flower involves pollination and the production of seeds.

  One way in which pollen is transferred is by animals such as insects.

  (i) Name one other way in which pollen can be transferred to the flower from another plant.

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

  (ii) Tick (✓) the boxes of all the statements that describe sexual reproduction.

all offspring are genetically identical to each other 

involves gametes

involves the fusion of nuclei

offspring are genetically identical to the parents

produces genetically dissimilar offspring

requires only one parent

 [3]
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8 (a) Brass is a mixture of copper and zinc.

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

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

  (ii) State one physical property that will be different in brass and copper.

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

 (b) Iron forms rust.

  Explain why painting iron prevents rusting.

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

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

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

 (c) A student uses the apparatus shown in Fig. 8.1 to investigate the rate of reaction between 
magnesium and dilute sulfuric acid.

hydrogen

dilute sulfuric

acid

measuring cylinder

water

magnesium

Fig. 8.1

  (i) It takes 50 seconds for 25 cm3 of hydrogen gas to collect in the measuring cylinder.

   Calculate the average volume of hydrogen gas that is produced each second.

   Show your working.

 volume =  ................................................... cm3 [1]
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  (ii) State two changes the student can make in his experiment to increase the rate of this 
reaction.

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

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

 (d) The reaction between magnesium and dilute sulfuric acid produces the salt, magnesium 
sulfate.

  State two magnesium compounds that can react with dilute sulfuric acid to produce 
magnesium sulfate.

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

2  ................................................................................................................................................
 [2]
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9 (a) A piece of metal expands when it is heated.

  (i) State one example where the expansion of a metal is useful.

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

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

  (ii) State one example where the expansion of a metal is a problem.

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

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

 (b) A piece of aluminium has a mass of 40.5 g and a volume of 15.0 cm3.

  Calculate the density of the piece of aluminium.

  State the formula you use, show your working and state the units of your answer.

  formula

  working

 density =  .................. units  ..................  [3]

 (c) An isotope of aluminium has a nuclide notation 28

13
Al.

  State the number of protons and neutrons present in an atom of this isotope.

protons  ................................................

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

 (d) Aluminium has several isotopes.

  State the way in which these isotopes differ from each other.

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

 .............................................................................................................................................. [1]
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 (e) Table 9.1 shows information about four pieces of aluminium wire.

Table 9.1

wire length / cm diameter / mm

J 50 6

K 50 12

L 100 6

M 100 12

  (i) Deduce which wire, J, K, L or M, has the least resistance.

   Explain your answer.

wire  ............  has the least resistance

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

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

  (ii) A current of 5000 A passes through wire L when a potential difference of 6 V is applied 
across it.

   Calculate the resistance of wire L.

   State the formula you use and show your working.

   formula

   working

 resistance =  ......................................................  Ω [2]
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10 Fig. 10.1 shows the activity of an enzyme at different temperatures.

0 10 20 30 40 50 60 70 80

temperature / °C

enzyme

activity

Fig. 10.1

 (a) (i) Using Fig. 10.1, state the optimum temperature for this enzyme.

  ...................................................... °C [1]

  (ii) Using Fig. 10.1, state a temperature where there is no enzyme activity.

  ...................................................... °C [1]

 (b) Suggest why most enzymes in the body have an optimum temperature of 37 °C.

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

 .............................................................................................................................................. [1]
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 (c) The boxes on the left show some substrates.

  The boxes in the middle show some digestive enzymes.

  The boxes on the right show some products of digestion.

  Draw three lines to link each substrate with its correct enzyme, and three lines to link each 
enzyme with its correct product.

 substrate enzyme product

fat

protein

starch

amylase

protease

lipase

amino acids

glucose

glycerol and fatty acids

 [3]

 (d) Describe the role of enzymes in the process of digestion.

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

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

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

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

 .............................................................................................................................................. [3]
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11 (a) (i) State the process used to obtain gasoline from petroleum.

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

  (ii) Gasoline is a mixture of compounds.

   Name the two elements combined in these compounds.

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

  (iii) Name one other useful product separated from petroleum.

   State one use of this product.

product  ..............................................................................................................................

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

 (b) Alkanes are changed into alkenes by cracking.

catalyst

alkanes

cracking

reaction vessel

mixture containing alkenes

Fig. 11.1

  (i) The cracking reaction in Fig. 11.1 involves a catalyst.

   Define the term catalyst.

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

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

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

  (ii) Describe how the mixture produced by cracking can be tested to show that it contains 
alkenes.

test  ....................................................................................................................................

result  .................................................................................................................................

 ...........................................................................................................................................
 [2]
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 (c) (i) Complete Fig. 11.2 to show the molecular structure of one molecule of ethene.

 

C

Fig. 11.2
 [2]

  (ii) State the chemical formula of the compound that reacts with ethene to produce ethanol.

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

  (iii) Poly(ethene) is a white solid that is produced from ethene.

   Explain why molecules of poly(ethene) are much larger than molecules of ethene.

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

 ...................................................................................................................................... [1] 
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12 (a) A man has been riding in a car which has plastic seats.

  Suggest why friction between the man and the seat causes an electric charge to build up.

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

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

 (b) The car has two headlamps connected in parallel with each other across a 12 V battery.

  Complete the circuit diagram in Fig. 12.1 to show how the lights are connected to the battery.

  Include a switch in the circuit which will control both headlamps.

12 V

Fig. 12.1
 [3]

 (c) One of the headlamps is shown in Fig. 12.2.

glass bulb, filled with gas
wire filament

metal base

Fig. 12.2

  The hot lamp transfers thermal energy by conduction, convection and radiation.

  State the energy transfer process that allows thermal energy to be transferred through the 
metal base.

 .............................................................................................................................................. [1]
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 (d) The red reflectors found on cars and bicycles use total internal reflection to allow car drivers 
to see the back of another vehicle.

  They reflect the light from car headlamps.

  Fig. 12.3 shows the first part of the path of a ray of light as it passes through the reflector. 

45°

45°

ray of light

Fig. 12.3

  On Fig. 12.3, complete the path of the ray of light to show how it emerges from the reflector.
 [2]
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13 (a) Fig. 13.1 is a drawing of the chromosomes in a human.

X

Y

Fig. 13.1

  (i) State the number of chromosomes shown in Fig. 13.1.

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

  (ii) State whether the drawing of the chromosomes shown in Fig. 13.1 is from a male or 
female.

   Explain your answer.

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

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

  (iii) Describe how the sex of the person in your answer in (a)(ii) is inherited.

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

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

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

 (b) Complete the definition of the term chromosome using the words from the list.

  You may use each word once, more than once or not at all.

DNA      embryos      gametes

genes      nuclei      mitochondria

  A chromosome is a thread of  .................................................... , made up of a string

  of  ....................................................  .
 [2]
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 (c) The transmission of genetic material occurs during fertilisation.

  Describe the process of fertilisation.

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

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

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

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 

reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the 

publisher will be pleased to make amends at the earliest possible opportunity.

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.

Cambridge International Examinations 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.



28

0654/33/M/J/18© UCLES 2018

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

–


