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1 (a) Gills are the gas exchange surface in fish.

  Fig. 1.1 is a photograph of gills in fish.

Fig. 1.1

  Gills have adaptive features for gas exchange. 

  Use your scientific knowledge and Fig. 1.1 to suggest two of these adaptive features.

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

2  ................................................................................................................................................
 [2]
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 (b) Table 1.1 shows the composition of some gases in inspired and expired air.

Table 1.1

gas 

percentage of oxygen percentage of carbon dioxide

inspired air 21 0.004

expired air 16 4

  (i) Use Table 1.1 to calculate the difference in percentage of oxygen between inspired and 
expired air.

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

  (ii) Explain the difference in percentage of oxygen between inspired and expired air that is 
shown in Table 1.1.

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

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

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

  (iii) State one difference in composition between inspired and expired air that is not shown 
in Table 1.1.

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

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

 (c) Red blood cells have adaptive features for the efficient transport of oxygen.

  State two of these features.

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

2  ................................................................................................................................................
 [2]
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 (d) Lung cancer is a disease caused by smoking.

  (i) Place ticks (3) to show two other diseases caused by smoking.

chronic obstructive pulmonary disease (COPD)

coronary heart disease

kwashiorkor

marasmus

scurvy

 [2]

  (ii) State the name of the component in tobacco smoke that causes cancer.

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

  (iii) Describe how the goblet cells, mucus and ciliated cells protect the gas exchange system 
from some of the particles in tobacco smoke.

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

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

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

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

 .....................................................................................................................................  [3]

 [Total: 14]
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2 (a) A student investigates two liquid fuels, A and B, to find out which fuel releases most energy.

  Fig. 2.1 shows the apparatus used. 1.5 g of each fuel is burned completely.

thermometer

1.5 g of liquid fuel

100 g water

spirit burner

copper can

Fig. 2.1

  Table 2.1 shows the student’s results.

Table 2.1

fuel
temperature of 
water at start 

/ °C

temperature of 
water at end 

/ °C

temperature 
change 

/ °C

A 16 25 9

B 16 34 18

  (i) Describe how the results show which fuel releases the most energy.

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

 .....................................................................................................................................  [1]
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  (ii) Fig. 2.2 is the equation representing the complete combustion of ethanol.

H C

H

H

H H

HH

C O O
O

O
H + 3 + 3

O

C

O

2

Fig. 2.2

   This reaction is exothermic.

   Place a tick (3) in the box next to the correct explanation of an exothermic reaction.

   More energy is given out by bond breaking  
than is taken in by bond making.   

   More energy is given out by bond making  
than is taken in by bond breaking.   

   More bonds are broken than are made.   

   More energy is taken in by bond breaking  
than is given out by bond making.   

 [1]

 (b) Fig. 2.3 shows the energy level diagram for an exothermic reaction.

energy / kJ

progress of reaction

50

100 

150

200

products

reactants

Fig. 2.3
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  (i) Use Fig. 2.3 to calculate the energy given out in the reaction.

 energy given out =  ....................................................  kJ [1]

  (ii) Use Fig. 2.3 to calculate the activation energy for the reaction.

 activation energy =  ....................................................  kJ [1]

 (c) Ethanol can be made by 

• the catalytic addition of steam to ethene
• fermentation.

  (i) Construct the balanced symbol equation for the addition of steam to ethene to make 
ethanol, C2H5OH.

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

  (ii) Describe how ethanol is made by fermentation.

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

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

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

 .....................................................................................................................................  [3]

 [Total: 9]
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3 Fig. 3.1 shows a man in a canoe on a lake.

 The combined mass of the man and the canoe is 120 kg.

Fig. 3.1

 (a) The canoe moves at a speed of 4.0 m / s.

  (i) Calculate the kinetic energy of the man and the canoe.

 kinetic energy =  ......................................................  J [2]

  (ii) The canoe takes 5.0 s to slow down to a speed of 0.5 m / s.

   Calculate the constant deceleration of the canoe.

 deceleration =  ................................................ m / s2 [3]

  (iii) On Fig. 3.2 draw a speed–time graph to show the canoe’s deceleration.

0
0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5
time / s

speed
m / s

Fig. 3.2
 [1]
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 (b) The canoe exerts a pressure of 0.5 kPa on the surface of the water.

  Calculate the area of canoe in contact with the surface of the water.

  The gravitational field strength, g, is 10 N / kg.

 area =  .................................................... m2 [3]

 (c) Fig. 3.3 shows water waves on the surface of the lake.

Fig. 3.3

  (i) On Fig. 3.3, draw a double headed arrow (↕ or ↔) to show the wavelength of the wave.
 [1]

  (ii) Use the words below to complete the sentences about waves.

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

compression   energy   force   longitudinal   matter   perpendicular

parallel   rarefaction   transverse

   Waves transfer ...................................... without transferring ...................................... .

   A water wave is an example of a ...................................... wave. 

   In a water wave the oscillations are ...................................... to the direction of the wave.
 [2]

 [Total: 12]
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4 (a) A student investigates the effect of light intensity on the rate of photosynthesis in an aquatic 
plant. The plant is placed in a beaker of water containing an excess of carbon dioxide.

  A lamp is placed 10 cm away from the beaker of water.

  The student counts the number of oxygen bubbles produced by the aquatic plant in one 
minute.

  The lamp is then moved increasing distances away from the beaker to decrease the light 
intensity.

  The number of oxygen bubbles produced is directly proportional to the rate of photosynthesis.

  Table 4.1 shows the results.

Table 4.1

distance of lamp from the aquatic plant 
/ cm

number of oxygen bubbles produced per 
minute

10 37

20 37

30 36

40 32

50 25

60 15

70 6

80 1

  (i) Use Table 4.1 to describe the effect of light intensity on the rate of photosynthesis.

   Include data in your answer.

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

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

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

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

  (ii) State why an excess of carbon dioxide is provided for the aquatic plant during this 
investigation.

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

 .....................................................................................................................................  [1]
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 (b) Complete the sentences to explain how a lack of magnesium affects plant growth.

  Magnesium is required for the synthesis of .............................................. .

  This substance transfers light energy into .............................................. energy for the 
synthesis of carbohydrates.

  A deficiency of magnesium ions causes the leaves to turn .............................................. .
 [3]

 (c) Nitrate ions are required for the synthesis of amino acids.

  State the name of the class of large molecules made from amino acids.

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

 [Total: 7]
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5 This question is about metals.

 (a) Potassium is a metal in Group I of the Periodic Table.

  Fig. 5.1 shows the electronic structure of three elements.

A B C

Fig. 5.1

  (i) State which diagram A, B or C, shows the electronic structure of a Group I metal.

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

  (ii) A student wants to confirm that a compound contains potassium.

   The student uses a flame test.

   State what the student observes if the compound contains potassium.

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

 (b) Iron is a transition element.

  Iron(II) sulfate contains iron(II) ions, Fe2+.

  Sodium hydroxide solution is used to test for iron(II) ions.

  The iron(II) ions react with OH– ions from the sodium hydroxide solution. A precipitate of 
iron(II) hydroxide, Fe(OH)2, is made.

  (i) State the colour of the precipitate of iron(II) hydroxide.

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

  (ii) Construct the balanced ionic equation for the formation of Fe(OH)2. Include state 
symbols.

 .....................................................................................................................................  [2]
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 (c) Magnesium reacts with oxygen to make magnesium oxide.

  (i) Fig. 5.2 shows the electronic structure of a magnesium atom. 
   The proton number (atomic number) of magnesium is 12.

Fig. 5.2

   Draw a diagram to show the electronic structure of an oxygen atom.
   The proton number (atomic number) of oxygen is 8.

 [1]

  (ii) When magnesium reacts with oxygen, magnesium ions and oxide ions are made.
   Fig. 5.3 shows the electronic structure of an oxide ion.

2–

Fig. 5.3

   Draw a diagram to show the electronic structure of a magnesium ion.

 [2]
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  (iii) Explain why magnesium oxide has a high melting point.

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

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

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

 (d) Potassium oxide is also an ionic compound.

  Potassium ions, K+, combine with oxide ions, O2–, to form potassium oxide.

  Determine the formula of potassium oxide.

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

 [Total: 11]



15

0654/43/O/N/22© UCLES 2022 [Turn over

6 Fig. 6.1 shows a marble staircase made up of 17 steps.

Fig. 6.1

 (a) Fig. 6.2 shows the dimensions of one of the marble steps which has a mass of 72 kg.

0.90 m

0.20 m

0.16 m

Fig. 6.2

  (i) Calculate the density of the marble step. 

 density =  .............................................. kg / m3 [3]

  (ii) On a hot, sunny day the marble step expands.

   Suggest what happens to the density of the marble step when it expands.

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

  (iii) Explain, in terms of particle movement, why the marble expands.

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

 .....................................................................................................................................  [1]
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 (b) (i) On a hot, sunny day the marble steps feel cold because of conduction. 

   Describe the process of conduction in marble.

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

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

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

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

  (ii) Explain why conduction causes the marble to feel cold.

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

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

 [Total: 8]
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7 (a) Yeast produces carbon dioxide during anaerobic respiration.

  A scientist adds 2 g of yeast to 250 cm3 of glucose solution and leaves the mixture for 
10 days.

  Each day, at the same time, he records the volume of carbon dioxide produced in one hour.

  Fig. 7.1 shows the results.

0
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40

2 4 6
time / days

volume of
carbon dioxide

produced in
one hour / cm3

8 10

Fig. 7.1

  (i) Use Fig. 7.1 to identify the day with the greatest rate of anaerobic respiration.

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

  (ii) Explain why the volume of carbon dioxide decreases as shown in Fig. 7.1.

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

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

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

 (b) The investigation is repeated with boiled yeast.

  Explain with reference to enzymes why no carbon dioxide is produced.

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

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

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

 .............................................................................................................................................  [3]
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 (c) Table 7.1 shows some products of different types of respiration.

  Complete Table 7.1 by placing ticks (3) to show the correct products of each type of 
respiration.

  One has been done for you.

Table 7.1

products of respiration

type of respiration carbon dioxide water lactic acid

aerobic in humans

anaerobic in  
humans

anaerobic in yeast 3

 [3]

 (d) Substances enter and leave a yeast cell by diffusion.

  A student writes an incorrect definition of diffusion.

  Circle the two words that are not correct.

  ‘Diffusion is the total movement of particles from a region of their higher concentration 

to a region of their lower concentration up a concentration gradient, as a result of their 

random movement.’
 [2]

 [Total: 11]
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8 (a) Water must be treated so that it is safe to drink.

  Draw lines to link each stage in the water treatment process to the reason why it is used.

stage reason

kills microbes

filtration

allows larger solid particles to settle out

chlorination

traps finer particles using sand

 [2]

 (b) Water can be tested to identify some of the chemicals in it.

  A scientist tests a sample of water from a river with acidified aqueous silver nitrate and also 
with acidified aqueous barium chloride.

  Table 8.1 shows the results.

Table 8.1

test
with acidified 

aqueous silver 
nitrate 

with acidified 
aqueous barium 

chloride

result cream precipitate white precipitate

  The scientist thinks that the water contains both chloride and sulfate ions.

  State whether the scientist is correct.

  Explain your answer.

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

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

 .............................................................................................................................................  [2]
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 (c) Barium chloride, BaCl 2, reacts with sodium sulfate, Na2SO4.

  Barium sulfate, BaSO4, and sodium chloride, NaCl, are made.

  Construct the balanced symbol equation for this reaction.

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

 (d) Carbon dioxide dissolves in rainwater to make the water weakly acidic.

  Suggest the pH of the rainwater produced.

 pH =  .........................................................  [1]

 (e) The atoms in carbon dioxide, CO2, are bonded by sharing electrons.

  Fig. 8.1 shows some dot-and-cross diagrams.

C

A

O O C

B

O O

C

C

O O C

D

O O

Fig. 8.1

  (i) State which diagram A, B, C or D, shows the arrangement of the outer shell electrons in 
carbon dioxide.

 diagram =  .........................................................  [1]

  (ii) State the name of this type of bonding that holds the atoms together in carbon dioxide.

 .....................................................................................................................................  [1]
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 (f) Complete the following sentences about some of the problems caused by carbon dioxide.

  Choose words from the list. Each word or phrase may be used once, more than once or not 
at all.

climate change    greenhouse    oxidation

noble    rusting

  Carbon dioxide is a ................................................ gas. 

  Increased concentrations of carbon dioxide in the atmosphere 

  contribute to ................................................ .
 [2]

 [Total: 11]
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9 Fig. 9.1 shows the equipment used by a teacher to demonstrate the properties of ionising radiation 
to a group of students. They are using a source which emits β-particles.

019
radiation detector counter

source emitting β-particles

Fig. 9.1

 (a) The radioactive source can be moved further away from the radiation detector. The teacher 
measures the distance between the source and the radiation detector and records the count 
rate using the laptop.

  Fig. 9.2 shows the results plotted as a graph.

counts per minute

0
0 10 20 30 40 50

50

100

150

200

distance / cm

Fig. 9.2

  (i) Describe the trend shown in Fig. 9.2.

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

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

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

 .....................................................................................................................................  [2]
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  (ii) Use Fig. 9.2 to explain why the teacher tells the students to stand at least 2 m away from 
the radioactive source for their own safety.

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

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

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

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

  (iii) The teacher replaces the radioactive source with one which only emits α-particles. 

   The source which only emits α-particles also measures a count rate of 200 per minute at 
a distance of 0 m. 

   On Fig. 9.2, draw a line to show the results the teacher obtains when using the source 
which emits only α-particles.

 [2]

 (b) Fig. 9.3 shows the information sticker on the laptop.

power input = 65 W

potential difference = 19.5 V

Fig. 9.3

  (i) The laptop has an efficiency of 80%.

   Calculate the useful power output of the laptop.

 power =  ..................................................... W [2]

  (ii) Power for the laptop comes from a 230 V supply through a device in the charger which 
changes the potential difference to 19.5 V. 

   State the name of this device.

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

 [Total: 9]
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10 (a) Albinism is a condition that results in a lack of colour in the skin causing a very pale 
appearance.

  The allele for albinism is recessive, a.

  The allele for no albinism is dominant, A.

  Fig. 10.1 is a pedigree diagram showing the inheritance of albinism.

P

Q

Key

male

female

no albinism albinism

Fig. 10.1

  The boxes on the left represent person P and person Q as shown in Fig. 10.1.

  The boxes on the right complete statements about person P and person Q.

  Draw two lines from person P and two lines from person Q to make four correct statements.

has a heterozygous genotype.

Person P has albinism.

has a homozygous recessive 
genotype.

has the genotype AA.

Person Q

is male.

is female without albinism.

 [4]
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 (b) Alleles are passed to offspring during sexual reproduction. 

  The sex cell in human males is sperm.

  (i) State the name of the sex cell in human females.

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

  (ii) State the number of chromosomes in one human sperm cell.

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

  (iii) State the number of sex chromosomes in a body cell of a human male.

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

  (iv) State the number of parents required for asexual reproduction.

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

 [Total: 8]



26

0654/43/O/N/22© UCLES 2022

11 Diamond is one form of carbon.

 (a) (i) State the name of another form of carbon.

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

  (ii) Diamond is used in cutting tools such as those shown in Fig. 11.1.

Fig. 11.1

   State why diamond is used.

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

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

 (b) Silicon dioxide, SiO2, has a similar structure to diamond.

  Fig. 11.2 shows the structure of silicon dioxide.

silicon atoms
oxygen atoms

Fig. 11.2

  Describe the structure and bonding in silicon dioxide.

  Use Fig. 11.2 to help you.

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

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

 .............................................................................................................................................  [2]
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 (c) One of the isotopes of carbon is called carbon-12 and the other is called carbon-14.

  Table 11.1 shows some information about carbon-12.

  Complete the table for carbon-14.

Table 11.1

number of protons number of 
neutrons

number of 
electrons

carbon-12 6 6 6

carbon-14

 [1]

 (d) Relative atomic mass, Ar , is defined in terms of a carbon atom.

  Complete the definition of relative atomic mass.

  Choose words from the list. Each word may be used once, more than once or not at all.

average   compound   density

element   formula   mass

  Relative atomic mass is the ................................... mass of naturally 

  occurring atoms of an ................................... on a scale where the 12 C atom has a 

  ................................... of exactly 12 units.
 [3]

 (e) Calculate the number of moles in 0.6 g of carbon.

  [Ar : C, 12;]

 moles =  .........................................................  [1]

 [Total: 9]
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12 Fig. 12.1 shows a circuit containing two resistors connected in parallel with a 9.0 V battery.

9.0 V

12.0 Ω

6.0 Ω

Fig. 12.1

 (a) (i) Calculate the total resistance of the circuit shown in Fig. 12.1.

 total resistance =  .....................................................  Ω [2]

  (ii) Calculate the current passing through the 6.0 Ω resistor.

 current =  ......................................................  A [2]

 (b) The 9.0 V battery is connected in series with a lamp, a variable resistor and a switch.

  (i) Draw a circuit diagram showing a 9.0 V battery connected in series with a lamp, a variable 
resistor and a switch.

 [2]
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  (ii) The variable resistor is used to change the voltage across and the current in the lamp.

   On Fig. 12.2, sketch a graph showing the current-voltage characteristic of a filament 
lamp.

current

voltage

Fig. 12.2
 [1]

 (c) Fig. 12.3 shows a circuit containing a thermistor and a lamp in series with an ammeter. 
A voltmeter is connected in parallel across the thermistor.

9.0 V

A

V

Fig. 12.3

  (i) Describe what happens to the readings on the ammeter and voltmeter when the 
temperature of the thermistor increases.

   Use the words increases, decreases or stays the same.

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

   ammeter ....................................................................................

   voltmeter ....................................................................................
 [1]
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  (ii) Explain why the brightness of the lamp changes as the temperature of the thermistor 
increases.

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

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

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

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

 .....................................................................................................................................  [3]

 [Total: 11]



31

0654/43/O/N/22© UCLES 2022

BLANK PAGE

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 
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 
at www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge 
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge.



32

0654/43/O/N/22© UCLES 2022

G
ro

up

Th
e 

Pe
rio

di
c 

Ta
bl

e 
of

 E
le

m
en

ts

1 H
hy

dr
og

en
1

2 H
e

he
liu

m
4

I
II

III
IV

V
V

I
V

II
V

III

3 Li
lit

hi
um 7

4 B
e

be
ry

lli
um

9

at
om

ic
 n

um
be

r

at
om

ic
 s

ym
bo

l

K
ey

na
m

e
re

la
tiv

e 
at

om
ic

 m
as

s

11 N
a

so
di

um
23

12 M
g

m
ag

ne
si

um
24

19 K
po

ta
ss

iu
m

39

20 C
a

ca
lc

iu
m

40

37 R
b

ru
bi

di
um

85

38 S
r

st
ro

nt
iu

m
88

55 C
s

ca
es

iu
m

13
3

56 B
a

ba
riu

m
13

7

87 Fr
fra

nc
iu

m
–

88 R
a

ra
di

um –

5 B bo
ro

n
11 13 A
l

al
um

in
iu

m
27 31 G
a

ga
lli
um
70 49 In in
di
um

11
5

81 Tl
th
al
liu
m

20
4

6 C
ca
rb
on

12 14 S
i

si
lic
on

28 32 G
e

ge
rm
an
iu
m

73 50 S
n tin 11
9

82 P
b

le
ad
20
7

22 Ti
tit
an
iu
m

48 40 Zr
zi
rc
on
iu
m

91 72 H
f

ha
fn
iu
m

17
8

10
4

R
f

ru
th
er
fo
rd
iu
m

–

23 V
va
na
di
um

51 41 N
b

ni
ob
iu
m

93 73 Ta
ta
nt
al
um

18
1

10
5

D
b

du
bn
iu
m

–

24 C
r

ch
ro
m
iu
m

52 42 M
o

m
ol
yb
de
nu
m

96 74 W
tu
ng
st
en

18
4

10
6

S
g

se
ab
or
gi
um

–

25 M
n

m
an
ga
ne
se

55 43 Tc
te
ch
ne
tiu
m

– 75 R
e

rh
en
iu
m

18
6

10
7

B
h

bo
hr
iu
m

–

26 Fe iro
n

56 44 R
u

ru
th
en
iu
m

10
1

76 O
s

os
m
iu
m

19
0

10
8

H
s

ha
ss
iu
m

–

27 C
o

co
ba
lt

59 45 R
h

rh
od
iu
m

10
3

77 Ir
iri
di
um

19
2

10
9

M
t

m
ei
tn
er
iu
m

–

28 N
i

ni
ck
el

59 46 P
d

pa
lla
di
um

10
6

78 P
t

pl
at
in
um

19
5

11
0

D
s

da
rm
st
ad
tiu
m

–

29 C
u

co
pp
er

64 47 A
g

si
lv
er

10
8

79 A
u

go
ld

19
7

11
1

R
g

ro
en
tg
en
iu
m

–

30 Zn zi
nc 65 48 C
d

ca
dm
iu
m

11
2

80 H
g

m
er
cu
ry

20
1

11
2

C
n

co
pe
rn
ic
iu
m

–

11
4 Fl

fle
ro
vi
um

–

11
6

Lv
liv
er
m
or
iu
m

–

7 N
ni
tro
ge
n

14 15 P
ph
os
ph
or
us

31 33 A
s

ar
se
ni
c

75 51 S
b

an
tim
on
y

12
2

83 B
i

bi
sm
ut
h

20
9

8 O
ox
yg
en

16 16 S su
lfu
r

32 34 S
e

se
le
ni
um

79 52 Te
te
llu
riu
m

12
8

84 P
o

po
lo

ni
um

–

9 F
flu

or
in

e
19 17 C
l

ch
lo

rin
e

35
.5

35 B
r

br
om

in
e

80 53 I
io

di
ne

12
7

85 A
t

as
ta

tin
e

–

10 N
e

ne
on 20 18 A
r

ar
go

n
40 36 K
r

kr
yp

to
n

84 54 X
e

xe
no

n
13

1

86 R
n

ra
do

n
–

21 S
c

sc
an

di
um

45 39 Y
yt

tri
um 89

57
–7

1
la

nt
ha

no
id

s

89
–1

03
ac

tin
oi

ds

57 La
la

nt
ha

nu
m

13
9

89 A
c

la
nt

ha
no

id
s

ac
tin

oi
ds

Th
e 

vo
lu

m
e 

of
 o

ne
 m

ol
e 

of
 a

ny
 g

as
 is

 2
4  

dm
3  a

t r
oo

m
 te

m
pe

ra
tu

re
 a

nd
 p

re
ss

ur
e 

(r.
t.p

.).

ac
tin

iu
m

–

58 C
e

ce
riu

m
14
0

90 Th th
or
iu
m

23
2

59 P
r

pr
as
eo
dy
m
iu
m

14
1

91 P
a

pr
ot
ac
tin
iu
m

23
1

60 N
d

ne
od
ym
iu
m

14
4

92 U
ur
an
iu
m

23
8

61 P
m

pr
om
et
hi
um

– 93 N
p

ne
pt
un
iu
m

–

62 S
m

sa
m
ar
iu
m

15
0

94 P
u

pl
ut
on
iu
m

–

63 E
u

eu
ro
pi
um

15
2

95 A
m

am
er
ic
iu
m

–

64 G
d

ga
do
lin
iu
m

15
7

96 C
m

cu
riu
m

–

65 Tb te
rb
iu
m

15
9

97 B
k

be
rk
el
iu
m

–

66 D
y

dy
sp
ro
si
um

16
3

98 C
f

ca
lif
or
ni
um

–

67 H
o

ho
lm
iu
m

16
5

99 E
s

ei
ns
te
in
iu
m

–

68 E
r

er
bi
um

16
7

10
0

Fm fe
rm
iu
m

–

69 Tm th
ul
iu
m

16
9

10
1

M
d

m
en
de
le
vi
um

–

70 Y
b

yt
te
rb
iu
m

17
3

10
2

N
o

no
be
liu
m

–

71 Lu lu
te
tiu
m

17
5

10
3 Lr

la
w
re
nc
iu
m

–


