
This document has 28 pages. Any blank pages are indicated.

Cambridge IGCSE™

DC (KN/FC) 214252/3
© UCLES 2021 [Turn over

*
2

6
8

4
0

9
4

1
6

5
*

CO-ORDINATED SCIENCES 0654/42

Paper 4 Theory (Extended) October/November 2021

2 hours

You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS
● Answer all questions.
● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.
● Write your name, centre number and candidate number in the boxes at the top of the page.
● Write your answer to each question in the space provided.
● Do not use an erasable pen or correction fluid.
● Do not write on any bar codes.
● You may use a calculator.
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● The Periodic Table is printed in the question paper.

PMT



2

0654/42/O/N/21© UCLES 2021

1 Enzymes have an important role in the process of digestion.

 (a) Define the term enzyme.

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

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

 (b) Fig. 1.1 shows the effect of pH on two different enzymes.

0 1 2 3 4 5
pH

enzyme
activity

6 7 8 9 10 11 12

A BA B

Fig. 1.1

  (i) State the pH at which enzyme B is most active in Fig. 1.1.

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

  (ii) Explain the results for enzyme B at pH 10 in Fig. 1.1.

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

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

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

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

 .....................................................................................................................................  [3]
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  (iii) State where in the alimentary canal enzyme A is most likely to be found.

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

  (iv) Suggest the name of enzyme A.

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

 (c) Once food is digested, nutrients are absorbed across the villi walls.

  (i) State where villi are found in the alimentary canal.

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

  (ii) State the function of the lacteal in the villi.

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

[Total: 10]
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2 Carbon monoxide is a common pollutant in the air.

Many countries have rules to limit the maximum percentage of carbon monoxide in exhaust gases 
produced by car engines.

Table 2.1 shows how the maximum allowed percentage (%) of carbon monoxide in car exhaust 
gases has changed in the United Kingdom.

Table 2.1

year
maximum allowed 

percentage (%)
of carbon monoxide

1985 4.5

1990 3.5

1995 0.5

2000 0.3

 (a) Suggest one reason why the maximum allowed percentage (%) of carbon monoxide in car 
exhaust gases has decreased since 1985.

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

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

 (b) Describe and explain how carbon monoxide is produced when petrol is burned in a car 
engine.

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

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

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

 (c) Catalytic converters are fitted to car exhausts to reduce the volume of pollutants released into 
the air.

  Complete the symbol equation to show how a catalytic converter removes carbon monoxide 
gas.

....  CO   +   ...............      ...............
 [2]
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 (d) Catalytic converters remove oxides of nitrogen as well as carbon monoxide from exhaust 
gases.

  State two other effects of air pollution which are reduced by using catalytic converters.

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

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

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

 (e) The catalyst in a catalytic converter is made from metal.

 State where in the Periodic Table this metal is most likely to be found.

 Choose from the list.

group I elements

group VII elements

group 0 elements

transition elements

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

[Total: 8]
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3 (a) Fig. 3.1 shows four electrical component names and their symbols. 

  Draw lines to match each component name with its symbol.

  One line has been drawn as an example.

component symbol

fixed resistor

light dependent resistor

thermistor

variable resistor

Fig. 3.1
 [2]

 (b) A student investigates how the resistance of a thermistor changes with temperature.

  Fig. 3.2 shows the results of this investigation. 

0
0
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25

10 20
temperature (°C)

resistance
(kΩ)

30 40 50

Fig. 3.2

  (i) Using Fig. 3.2, state the temperature when the resistance of the thermistor is 5 kΩ.

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

  (ii) Calculate the total resistance of two identical thermistors placed in series when the 
resistance of each thermistor is 5 kΩ.

total resistance =  ....................................................  kΩ [1]

PMT
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  (iii) Calculate the total resistance of two identical thermistors placed in parallel when the 
resistance of each thermistor is 5 kΩ.

total resistance =  ...................................................  kΩ [2]

 (c) A fixed resistor has a current of 3.4 A passing through it.

  Calculate the charge passing through the fixed resistor during 25 seconds. State the unit of 
your answer. 

charge =  ...........................  unit ...................... [3]

[Total: 9]
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4 (a) A student investigates the effect of light intensity on the rate of photosynthesis at two different 
temperatures.

  Fig. 4.1 shows the results.

light intensity

rate of
photosynthesis

40°C

5°C
Y

X

Y

X

Fig. 4.1

  (i) Compare the effect of light intensity on the rate of photosynthesis at the two different 
temperatures seen in Fig. 4.1.

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

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

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

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

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

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

  (ii) State the factor limiting the rate of photosynthesis at point X in Fig. 4.1.

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

  (iii) Complete the sentences to explain why light is necessary for photosynthesis.

   The light energy is absorbed by a chemical in the leaf called ......................................... .

   This chemical then transfers the light energy to ......................................... energy in 
molecules.

   The energy is used to synthesise ......................................... .
 [3]
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 (b) State the word equation for photosynthesis.

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

 (c) Name the cells in a leaf where most photosynthesis occurs.

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

[Total: 10]
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5 Large hydrocarbon molecules can be cracked to make smaller molecules.

The equation represents the cracking of hydrocarbon, C20H42.

C20H42      C6H14   +   2C5H10   +   2C2H4

 (a) State the formula of the product of the reaction which is an alkane.

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

 (b) Table 5.1 shows the boiling point, flammability and viscosity of C20H42 compared with the 
properties of C6H14, C5H10 and C2H4.

Table 5.1

boiling point flammability viscosity

A lowest lowest lowest

B lowest highest highest

C highest lowest lowest

D highest lowest highest

  State which letter, A, B, C or D, shows how the properties of C20H42 compare with the 
properties of C6H14, C5H10 and C2H4.

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

 (c) The hydrocarbon C2H4 is burnt in air.

  Complete combustion occurs.

  Write the balanced symbol equation for this reaction.

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

 (d) Nylon is a polymer produced when monomers join together and release a small molecule.

  State the name of the small molecule released.

 .............................................................................................................................................  [1]
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 (e) Poly(propene) is a polymer made from the monomer propene.

  Complete the equation to show the structure of poly(propene).

n C

H

CH3

C C C

H

H

 [2]

 (f) Propene, C3H6, reacts with aqueous bromine.

  The balanced symbol equation for the reaction is shown.

C3H6   +   Br2      C3H6Br2

  (i) Describe what is seen when propene reacts with aqueous bromine.

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

  (ii) Fig. 5.1 shows the energy level diagram for the reaction of propene with aqueous 
bromine.

   Complete the energy level diagram in Fig. 5.1.

   Include labelled arrows to show:

• the energy given out
• the activation energy. 

energy

progress of reaction

C3H6 +Br2

C3H6Br2

Fig. 5.1
 [3]

[Total: 11]
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6 Fig. 6.1 shows a rollercoaster ride at a theme park. The rollercoaster travels on a frictionless track.

A

B

C

D

E

ground level

rollercoaster car

Fig. 6.1

 (a) Use a letter from A to E to state the position at which the rollercoaster car has:

• the least gravitational potential energy ....................................

• less kinetic energy than it does at position E ....................................

• the most kinetic energy. .................................... [2]

 (b) The rollercoaster car has a mass of 750 kg. At position C the rollercoaster car is 36 m above 
the ground level and is moving at 20 m/s. 

  (i) Calculate the gravitational potential energy lost by the rollercoaster car as it travels from 
C to the ground level. 

   gravitational field strength g = 10 N / kg

gravitational potential energy =  ....................................................... J [2]

  (ii) Calculate the kinetic energy of the rollercoaster car at C. 

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

PMT
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  (iii) State the change in the total energy of the rollercoaster car as it travels on the frictionless 
track from C to ground level.

change in total energy =  ....................................................... J [1]

 (c) Fig. 6.2 shows a speed-time graph for the rollercoaster car’s journey between positions D
and E.

time / s
0

0

speed
m/s

10

20

30

40

1 2 3 4 5 6

Fig. 6.2

  (i) Use Fig. 6.2 to determine the change in speed of the rollercoaster car between t = 2 s 
and t = 4 s. 

change in speed =  .................................................  m / s [1]

  (ii) Calculate the acceleration of the rollercoaster car between t = 2 s and t = 4 s. 

acceleration =  ................................................ m / s2 [2]

  (iii) Use Fig. 6.2 to describe the motion of the rollercoaster car between t = 0 s and t = 5 s.

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

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

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

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

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

[Total: 13]
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7 (a) Fig. 7.1 is a diagram of a human eye.

B

C

G
D

E
F

A

Fig. 7.1

  (i) Table 7.1 shows some of the letters, the names and functions of the parts in Fig. 7.1.

   Complete Table 7.1.

Table 7.1

name of part letter in Fig. 7.1 function

adjusts the amount of light 
entering the eye

G

retina

D refracts light entering the eye

 [4]

  (ii) State the letters in Fig. 7.1 of the two parts of the eye responsible for changing the 
shape of the lens during accommodation.

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

  (iii) Name the two muscles in the iris responsible for the pupil reflex.

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

2 ........................................................................................................................................
    [2]
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 (b) The pupil reflex is an involuntary action.

  Place ticks (3) in the boxes to show two voluntary actions.

blinking when dust gets in your eye

eating a burger

reading a book

removing your hand from a very hot object

sweating when you get hot
 [2]

[Total: 9]
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8 A scientist investigates the electrolysis of lead(II) bromide.

Fig. 8.1 shows the apparatus the scientist uses.

cathode (–)

solid lead (II)
bromide

graphite
electrodes

(+) anode

Fig. 8.1

 (a) Explain why electrolysis will not take place using the apparatus shown in Fig. 8.1.

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

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

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

 (b) The electrodes are made of graphite.

  Explain why graphite conducts electricity. 

  Use ideas about the structure and bonding in graphite.

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

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

 .............................................................................................................................................  [2]
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 (c) Another scientist investigates the electrolysis of concentrated aqueous sodium chloride.

  Fig. 8.2 shows the apparatus the scientist uses.

hydrogen chlorine

graphite electrode
(anode)

concentrated
aqueous sodium

chloride

carbon
electrode
(cathode)

– +

Fig. 8.2

  (i) Describe the test for chlorine gas and its positive result.

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

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

  (ii) The scientist collects 3.3 cm3 of chlorine gas, Cl2, in the electrolysis experiment.

   Calculate the mass of chlorine gas collected.

   The molar gas volume at 25 °C is 24 dm3.

   Show your working.
   [Ar: Cl, 35.5]

mass of chlorine gas =  .........................................................  [4]

[Total: 10]
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9 Fig. 9.1 shows a helium filled balloon attached to a spring. The spring is attached to a table top to 
stop the balloon moving upwards.

The balloon is in equilibrium.

Fig. 9.1

 (a) The helium filled balloon has a mass of 6.5 g. 

  (i) Calculate the weight of the helium filled balloon. 
   gravitational field strength g = 10 N / kg

weight =  .....................................................  N [2]

  (ii) The balloon causes the spring to extend by 0.50 cm. 
   The spring constant of the spring is 0.45 N / cm. 
   Calculate the force on the spring.

force =  .....................................................  N [2]

  (iii) State the total downwards force acting on the balloon.

force =  .....................................................  N [1]

 (b) A student places the balloon under an infrared lamp to warm the helium gas. 

  (i) Suggest the colour of balloon which will give the greatest rate of increase in gas 
temperature. 

   Explain your answer.

colour .......................................................

   explanation

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

 .....................................................................................................................................  [2]
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  (ii) Explain why the size of the balloon increases as it is heated.

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

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

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

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

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

[Total: 10]
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10 (a) Table 10.1 shows the daily energy requirements of different females.

Table 10.1

type of person daily energy requirement / kJ

30-year-old female 7 800

30-year-old breast-feeding female 9 100

30-year-old pregnant female 10 200

  (i) Calculate the difference in daily energy requirement between a 30-year-old female and a 
30-year-old breast-feeding female in Table 10.1. 

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

  (ii) Explain why there is a difference in daily energy requirement of a 30-year-old female and 
a 30-year-old pregnant female in Table 10.1.

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

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

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

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

 (b) State one food group which is a good source of vitamin C.

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

 (c) Vitamins and minerals are important components of a balanced diet.

  Name three other components of a balanced diet.

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

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

3  ................................................................................................................................................
   [3]
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 (d) Dissolved nutrients cross the placenta from mother to fetus.

  The boxes on the left show some parts of a pregnant female’s body.

  The boxes on the right show the functions of these parts.

  Draw lines to link each part with its function.

amniotic fluid

umbilical cord

placenta

uterus

acts as a barrier against toxins

transfers materials between 
fetus and the placenta

protects the fetus from 
mechanical damage

where the fetus develops

 [3]

 (e) State the name of the excretory gas that would pass from fetus to the mother.

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

[Total: 11]
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11 (a) An oxygen atom has the electronic structure 2,6.

  Use the electronic structure to explain which group of the Periodic Table oxygen is in.

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

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

 (b) Sodium forms an ionic compound with oxygen.

  State the formulae of a sodium ion and an oxide ion.

  Use the formulae of the ions to determine the formula of the ionic compound sodium oxide.

formula of a sodium ion .............................................................................................................

formula of an oxide ion ..............................................................................................................

formula of sodium oxide ............................................................................................................
 [3]

 (c) Oxygen can also form covalent bonds.

  Complete the dot-and-cross diagram to show the covalent bonding in a molecule of carbon 
dioxide. 

  You only need to include the outer shell electrons.

O OC

 [3]

 (d) Covalent compounds, such as carbon dioxide, have low melting points.

  State which letter, A, B, C or D, in Table 11.1 gives the correct explanation for why most 
covalent compounds have low melting points.

Table 11.1

explanation

A covalent bonds are strong

B covalent bonds are weak

C electrons are free to move

D weak intermolecular forces of attraction

 .............................................................................................................................................  [1]
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 (e) Calculate the relative molecular mass, Mr, of aluminium sulfate, Al2SO4.

  Show your working.

  [Ar: Al, 27; O, 16; S, 32]

relative molecular mass =  .........................................................  [2]

[Total: 11]
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12 (a) (i) State the speed of visible light in a vacuum.

 ..............................................................................................................................  m/s [1]

  (ii) Red light has a wavelength of 7.1 × 10–7 m.

   Use your answer to (a)(i) to calculate the frequency of red light. 

frequency =  .................................................... Hz [2]

 (b) A laser is a device which emits a ray of light. 
  Fig. 12.1 shows a beam of red light from a laser passing through a rectangular glass block.

Fig. 12.1

  (i) Name the process shown in Fig. 12.1.

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

  (ii) Describe what causes the process shown in Fig. 12.1.

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

 .....................................................................................................................................  [2]
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 (c) The laser used in Fig. 12.1 has a useful power output of 1200 W and is 80% efficient.

  Calculate the power input of the laser. 

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

[Total: 8]

PMT



26

0654/42/O/N/21© UCLES 2021

BLANK PAGE

PMT



27

0654/42/O/N/21© UCLES 2021

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 the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of 
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

BLANK PAGE

PMT



28

0654/42/O/N/21© UCLES 2021

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
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m
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9
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m
–
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5
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r
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b
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2

N
o
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5
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w
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m

–
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