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EQUATIONS

energy = mass × specific heat capacity × temperature change

energy = mass × specific latent heat

efficiency = useful energy output (× 100%)
total energy input

wave speed = frequency × wavelength

power = voltage × current

energy supplied = power × time

average speed = distance
time

distance = average speed × time

s = (u + v)
2

 × t

acceleration = change in speed
time taken

force = mass × acceleration

weight = mass × gravitational field strength

work done = force × distance

power = work done
time

power = force × speed

KE = 
1
2

mv2

momentum = mass × velocity

force = change in momentum
time

GPE = mgh

mgh = 
1
2

mv2

resistance = voltage
current
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Answer all the questions.

SECTION A – Module B4

1 Jenny grows strawberries in her garden.

 (a) She gives the strawberry plants minerals to help them grow.

  What is the name of the substance that she adds to the soil to give the plants extra minerals?

  Put a ring  around the correct answer in the list.

chlorophyll        fertiliser        herbicide        sugar
[1]

 (b) Her plants produce lots of strawberries.

  She preserves the strawberries so that she can eat them months later.

  Write down why she needs to preserve the strawberries if she wants to eat them months later.

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

 (c) There are different methods she can use to preserve the strawberries.

  Draw straight lines to join each method to how it works.

method how it works

adding sugar
draws water out of 
microorganisms

canning
stops enzymes working in 

microorganisms

freezing
stops microorganisms getting 

to the strawberries

[2]

[Total: 4]
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2 Read this article about ash trees.

A fungus is killing ash trees.

It is threatening much of Britain’s native ash woodland.

If it kills the trees, the fungus could also affect other organisms in this 
ecosystem.

Many insect, bird and bat species, such as thorn moths, woodpeckers 
and horseshoe bats, rely on ash trees. They could all be in danger.

The only organisms that might be helped are decomposers.

 (a) (i) The death of the ash trees might affect insects, birds and bats.

   Suggest two reasons why.

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

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

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

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

  (ii) The death of ash trees could help decomposers.

   Explain how.

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

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

  (iii) Explain the difference between the terms community and population.

   Use an example of each from the article to help explain the difference.

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

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

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

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

 ...................................................................................................................................... [3]
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  (iv) The native woodland is a natural ecosystem.

   Write down one other natural ecosystem found in Britain.

   Choose from the list.

farm        lake        parkland        plantation

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

 (b) The fungus causes a disease called die back.

  The fungus blocks the xylem vessels leading to the leaves.

  Explain why blocking the xylem vessels would kill the leaves.

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

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

 .............................................................................................................................................. [2]
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 (c) Sachin has a tree in his garden.

  He does not know what type of tree it is.

  Sachin wants to know how likely it is to get the disease.

  He takes a leaf from the tree and finds a key to identify the tree.

  He also finds a table with some information.

Type of tree How likely is it to get 
the disease?

spruce impossible

pine impossible

oak impossible

American ash possible

common ash very likely

  1 Are its leaves like needles?   ...................................... yes go to 2

      ...................................... no go to 3

  2 Are its needles single?   ...................................... yes spruce tree

      ...................................... no pine tree

  3 Are its leaves divided into smaller leaflets?  ...................................... yes go to 4

      ...................................... no oak tree

  4 Does it have less than eight leaflets?   ...................................... yes American ash

      ...................................... no common ash

  How likely is it for Sachin’s tree to get the disease?

  Use the key and the table to help you decide.

  Explain your answer.

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

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

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

[Total: 11]

leaflet
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3 The graph below shows the fish eaten from seas and rivers (wild catch) since 1950.

 It also shows the fish eaten from fish farms (farmed fish).
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 (a) Describe any patterns shown by the graph.

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

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

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

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

 (b) Use the graph to predict the mass of farmed fish that will be eaten in 2015.

  ............................................................ millions of tons [1]

 (c) What type of farming method is fish farming?

  Put a tick (✓) in the box next to the correct method.

   hydroponics 

   intensive 

   native 

   organic 
[1]

[Total: 4]
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4 George and Eva are talking about the water in their fish pond.

George
It seems to go greener in the summer
when there is more sunlight.
This must be because the oxygen level
in the water changes.

Eva
I don’t think that can be right.
I think the oxygen levels are changing
because of the green colour.

 They set up an experiment to test their ideas.

 To do this, they use a black bottle and a clear bottle.

 Into each bottle they put the same amount of pond water.

 They measure the oxygen content of the water.

 They put both bottles next to a light.

 After a week they measure the oxygen content of the water again in each bottle.

 Here are their results.

water in clear
bottle has gone

green

water in black
bottle is

colourless

Clear bottle Black bottle

Start

Colour of water colourless colourless

Amount of oxygen 
in mg per litre 8 8

After one week

Colour of water green colourless

Amount of oxygen 
in mg per litre 10 5
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 Explain the results of the experiment and explain why Eva is correct.

  The quality of written communication will be assessed in your answer to this question.

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

[Total: 6]

Question 5 begins on page 10



10

© OCR 2016

SECTION B – Module C4

5 Many scientists have been involved in the development of the Periodic Table and the structure of 
the atom.

 (a) Draw a line from the name of the scientist to their discovery or idea.

name discovery or idea

Bohr
Atoms were the smallest part of 

an element and could not be split

Dalton The Periodic Table

J J Thomson Electron orbits or shells

Mendeleev The electron

Rutherford
Atoms had a nucleus surrounded 

by electrons

[3]

 (b) The early theories of atomic structure were replaced by newer ideas.

  Explain why.

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

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

[Total: 4]
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6 Calcium, Ca, reacts with oxygen, O2, to make calcium oxide, CaO.

calcium + oxygen  calcium oxide

 Use the formulas given to write the balanced symbol equation for the reaction between calcium 
and oxygen.

 Explain why O2 is a molecule and CaO is a compound.

  The quality of written communication will be assessed in your answer to this question.

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

[Total: 6]
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7 Phil and Kate analyse a solution.

 Look at Table 7.

 It shows the tests they use and the results they get.

Test number Test on solution Results

1 appearance colourless solution

2 flame test lilac flame

3 adding sodium hydroxide solution no precipitate

4 adding barium chloride solution no precipitate

5 adding silver nitrate solution pale yellow precipitate

Table 7

 (a) Kate concludes that the solution is potassium iodide.

  Do the results support her conclusion? ....................

  Explain your answer.

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

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

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

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

 (b) Describe how Kate and Phil do their flame test.

  You may wish to draw a labelled diagram.

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

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

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

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

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

[Total: 5]



13

Turn over© OCR 2016

8 Sam investigates what happens when she heats zinc carbonate.

 Look at the apparatus she uses.

heat

zinc carbonate

 Sam measures the mass of zinc carbonate then heats it.

 She measures the mass of solid left in the test tube after it has cooled down.

 Look at her results.

Mass of zinc carbonate in g 2.50

Mass of solid in test tube after heating in g 1.62

 Zinc carbonate decomposes when heated.

 Look at the word equation for this decomposition.

zinc carbonate  zinc oxide + carbon dioxide

 (a) What is the name of the product that is a solid?

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

 (b) The mass of the test tube and its contents decreases during the investigation.

  Calculate the decrease in mass and explain why the mass decreases.

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

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

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

 (c) Zinc carbonate has the formula ZnCO3.

  How many different elements are bonded together in zinc carbonate?

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

[Total: 4]
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9 Group 1 elements are stored under oil.

oil

 (a) Explain why Group 1 elements are stored under oil.

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

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

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

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

 (b) Lithium, sodium and potassium are all Group 1 elements.

  Write down the name of one other Group 1 element.

  Use the Periodic Table on the back page to help you.

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

[Total: 3]
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10 An atom has the electronic structure 2.8.8.2.

 (a) How many electrons are there in this atom?

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

 (b) How many occupied electron shells are there in this atom?

  Explain your answer.

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

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

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

[Total: 3]

Question 11 begins on page 16
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SECTION C – Module P4

11 This question is about electrostatics.

 (a) Complete the following sentence.

  Choose your answers from the list.

negative      neutral      north      opposite      positive      south

  The two types of electrostatic charge are

  .................................................... and .................................................... [1]
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 (b) Cala has two rubber balloons.

  She rubs one balloon with a cloth.

  The balloon becomes charged and sticks to the wall (see Fig. 11.1).

balloon rubbed
with cloth

Fig. 11.1

  When she rubs the other balloon with aluminium foil, the balloon does not stick to the wall 
(see Fig. 11.2).

balloon rubbed with
aluminium foil

Fig. 11.2

  Explain why the balloon rubbed with foil does not stick to the wall.

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

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

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

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

 (c) Electrostatics can be useful.

  Write down one use of electrostatics.

 .............................................................................................................................................. [1]
[Total: 4]
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12 Dave connects an electric circuit to find the resistance of 100 cm of wire.

 Look at the diagram below.

A

V

100 cm of wire

9 V

 The battery voltage is 9 V.

 The reading on the ammeter is 2 A.

 The reading on the voltmeter is 5 V.

 (a) Calculate the resistance of the 100 cm of wire.

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

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

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

  answer ............................................................... ohms [2]

 (b) Dave now uses some thinner wire.

  A 100 cm length of this wire has a resistance of 5 ohms.

  What length of this wire is needed to make a 2 ohm resistor?

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

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

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

  answer ............................................................... cm [2]

[Total: 4]
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BLANK PAGE

Question 13 begins on page 20

PLEASE DO NOT WRITE ON THIS PAGE
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13 Emma has a slinky spring.

 She makes two different types of wave using the slinky.

 Fig. 13.1 shows how she makes one type of wave.

crest

trough

wavelength

Fig. 13.1

 Fig. 13.2 shows the other type of wave she makes.

 This is a longitudinal wave.

Fig. 13.2

 On Fig. 13.2, label a wavelength, a compression, a rarefaction and show how the wave is made.
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 Use the information on these two diagrams to describe similarities and differences between these 
two waves.

  The quality of written communication will be assessed in your answer to this question.

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

[Total: 6]
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14 This question is about nuclear radiation.

 Radioactive materials decay naturally.

 The half-life is a measure of how quickly the radioactive materials decay.

 (a) Look at the data below about the activity of some radioactive isotopes.

706050403020100
0

1000

2000

3000

4000

5000

6000

time in seconds

count rate
in counts

per minute

A

B

C

D

  Which isotope has the shortest half-life?

  Choose from   A      B      C      D

  answer ..............................

  Explain your answer.

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

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

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

 .............................................................................................................................................. [3]
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 (b) Some radioactive atoms emit beta particles.

  Which part of the atom gives out beta particles?

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

 (c) Fred reads about proposals to build a nuclear power station near his house.

  He writes down different statements about radioactivity.

  Some of his statements are opinions and others are facts.

  Look at the list of statements.

  Put a tick (✓) in the correct box to show if each statement is an opinion or a fact based on 
scientific evidence.

Statement Opinion Fact based on 
scientific evidence

Nuclear waste becomes less 
radioactive over a long time.

Nuclear radiation ionises 
materials.

Nuclear power stations are better 
than wind farms.

Nuclear power stations are an 
eyesore.

Uranium nuclei split in a fission 
reaction.

[2]

[Total: 6]
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15 Greg is in hospital for some medical tests using a radioactive tracer.

 He tells his friends about his tests.

 (a) Here are three things he says.

  Statement 1  “They gave me a radioactive drink which was giving out gamma radiation.”

  Statement 2  “Then a radiographer used a detector to measure the radiation on the outside 
of my body.”

  Statement 3  “Now that I have taken some radioactive drink I will always be highly radioactive.”

  Which of his statements could be correct and which must be incorrect?

  Explain why.

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

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

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

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

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

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

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

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

 (b) X-rays and gamma radiation are both used in hospitals.

  Write down two similarities between x-rays and gamma rays.

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

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

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

[Total: 5]
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BLANK PAGE

Question 16 begins on page 26.

PLEASE DO NOT WRITE ON THIS PAGE
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SECTION D

16 This question is about two types of tree.

 Some trees lose their leaves every Other trees keep their leaves
 year and grow new ones. throughout the year.
 They are called deciduous. They are called evergreen.

 (a) Look at the graph below.

  It shows the energy in sugars made by photosynthesis in

    • a deciduous tree
    • an evergreen tree.

01 JanNovSepJulMayMar DecOctAugJunAprFeb01 Jan
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1200

1600

month

energy in sugars
in kJ per day
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evergreen
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  Trees use leaves to make sugar by photosynthesis.

  (i) In which month does the deciduous tree lose most of its leaves?

   month ...................................

   How can you tell this from the graph?

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

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

  (ii) The highest amount of energy in sugars made per day by the deciduous tree is 1600 kJ.

   What is the highest amount made per day by the evergreen tree?

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

 (b) Scientists want to find out the total amount of light energy trapped by the leaves on a 
deciduous tree and an evergreen tree.

  They measure the amount of light trapped by different parts of the trees.

  They do this in July for trees growing in the same area.

  The results are shown in the table below.

Deciduous tree Evergreen tree

energy trapped by top part of the tree 
in kJ per day

13 000 23 500

energy trapped by middle part of the tree 
in kJ per day

11 000  7 000

energy trapped by bottom part of the tree 
in kJ per day

 8 000  1 500

total energy trapped by the tree 
in kJ per day

32 000

  (i) The scientists assume that the amount of light hitting each 1 m2 of each tree was the 
same.

   Why is it reasonable to assume this?

   Explain your answer.

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

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

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

Turn over for the remainder of question 16
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  (ii) The graph in part (a) on page 26 shows that in July, the deciduous tree makes more 
sugar than the evergreen tree.

   Is this because it traps more light?

   Use the table on page 27 to help you answer.

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

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

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

 (c) The scientists work out how efficiently the trees make use of the trapped light.

  They do this using the formula:

efficiency = energy in sugars made per day
total energy trapped by the tree per day

 × 100

  The efficiency for the evergreen tree is 3.1%.

  Use the information from the graph and the table to calculate the efficiency for the deciduous 
tree.

  efficiency = ....................... % [2]

 (d) What can the scientists conclude from this experiment?

  Put a tick (✓) in the box next to the correct conclusion.

   The evergreen tree has more efficient photosynthesis because 
it traps more light. 

   The evergreen tree has more efficient photosynthesis because 
it uses more of the trapped light. 

   The deciduous tree has more efficient photosynthesis because 
it traps more light. 

   The deciduous tree has more efficient photosynthesis because 
it uses more of the trapped light. 

[1]

[Total: 10]

END OF QUESTION PAPER



29

© OCR 2016

ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) 
must be clearly shown in the margins.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



30

© OCR 2016

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



31

© OCR 2016

Oxford Cambridge and RSA

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials.  OCR has attempted to identify and contact all copyright holders 
whose work is used in this paper.  To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright 
Acknowledgements Booklet.  This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible 
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE. 

OCR 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.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



32

© OCR 2016

Th
e 

Pe
ri

od
ic

 T
ab

le
 o

f 
th

e 
El

em
en

ts

* 
T

he
 la

nt
ha

no
id

s 
(a

to
m

ic
 n

um
be

rs
 5

8-
71

) 
an

d 
th

e 
ac

ti
no

id
s 

(a
to

m
ic

 n
um

be
rs

 9
0-

10
3)

 h
av

e 
be

en
 o

m
it

te
d.

Th
e 

re
la

ti
ve

 a
to

m
ic

 m
as

se
s 

of
 c

op
pe

r 
an

d 
ch

lo
ri

ne
 h

av
e 

no
t 

be
en

 r
ou

nd
ed

 t
o 

th
e 

ne
ar

es
t 

w
ho

le
 n

um
be

r.

1
2

3
4

5
6

7
0

Ke
y

1 H
hy

dr
og

en

1

4 H
e

he
liu

m

2

7 Li
lit

hi
um 3

9 Be
be

ry
lli

um

4

re
la

ti
ve

 a
to

m
ic

 m
as

s
at

om
ic

 s
ym

bo
l

na
m

e

at
om

ic
 (

pr
ot

on
) 

nu
m

be
r

11 B
bo

ro
n

5

12 C
ca

rb
on 6

14 N
ni

tr
og

en

7

16 O
ox

yg
en 8

19 F
fl

uo
ri

ne

9

20 N
e

ne
on 10

23 N
a

so
di

um

11

24 M
g

m
ag

ne
si

um

12

27 A
l

al
um

in
iu

m

13

28 Si
si

lic
on

14

31 P
ph

os
ph

or
us

15

32 S
su

lf
ur

16

35
.5 Cl

ch
lo

ri
ne

17

40 A
r

ar
go

n

18

39 K
po

ta
ss

iu
m

19

40 Ca
ca

lc
iu

m

20

45 Sc
sc

an
di

um

21

48 Ti
ti

ta
ni

um

22

51 V
va

na
di

um

23

52 Cr
ch

ro
m

iu
m

24

55 M
n

m
an

ga
ne

se

25

56 Fe ir
on 26

59 Co co
ba

lt

27

59 N
i

ni
ck

el

28

63
.5

Cu co
pp

er

29

65 Zn zi
nc 30

70 G
a

ga
lli

um

31

73 G
e

ge
rm

an
iu

m

32

75 A
s

ar
se

ni
c

33

79 Se
se

le
ni

um

34

80 Br
br

om
in

e

35

84 Kr
kr

yp
to

n

36

85 Rb
ru

bi
di

um

37

88 Sr
st

ro
nt

iu
m

38

89 Y
yt

tr
iu

m

39

91 Zr
zi

rc
on

iu
m

40

93 N
b

ni
ob

iu
m

41

96 M
o

m
ol

yb
de

nu
m

42

[9
8] Tc

te
ch

ne
ti

um

43

10
1

Ru
ru

th
en

iu
m

44

10
3

Rh
rh

od
iu

m

45

10
6

Pd
pa

lla
di

um

46

10
8

A
g

si
lv

er

47

11
2

Cd
ca

dm
iu

m

48

11
5
In

in
di

um

49

11
9

Sn ti
n 50

12
2

Sb
an

ti
m

on
y

51

12
8

Te
te

llu
ri

um

52

12
7 I

io
di

ne

53

13
1

Xe xe
no

n

54

13
3

Cs
ca

es
iu

m

55

13
7

Ba
ba

ri
um

56

13
9

La
*

la
nt

ha
nu

m

57

17
8

H
f

ha
fn

iu
m

72

18
1

Ta
ta

nt
al

um

73

18
4

W
tu

ng
st

en

74

18
6

Re
rh

en
iu

m

75

19
0

O
s

os
m

iu
m

76

19
2
Ir

ir
id

iu
m

77

19
5

Pt
pl

at
in

um

78

19
7

A
u

go
ld 79

20
1

H
g

m
er

cu
ry

80

20
4

Tl
th

al
liu

m

81

20
7

Pb le
ad 82

20
9

Bi
bi

sm
ut

h

83

[2
09

]
Po

po
lo

ni
um

84

[2
10

]
A

t
as

ta
ti

ne

85

[2
22

]
Rn ra
do

n

86

[2
23

]
Fr

fr
an

ci
um

87

[2
26

]
Ra

ra
di

um

88

[2
27

]
A

c*
ac

ti
ni

um

89

[2
61

]
Rf

ru
th

er
fo

rd
iu

m

10
4

[2
62

]
D

b
du

bn
iu

m

10
5

[2
66

]
Sg

se
ab

or
gi

um

10
6

[2
64

]
Bh

bo
hr

iu
m

10
7

[2
77

]
H

s
ha

ss
iu

m

10
8

[2
68

]
M

t
m

ei
tn

er
iu

m

10
9

[2
71

]
D

s
da

rm
st

ad
ti

um

11
0

[2
72

]
Rg

ro
en

tg
en

iu
m

11
1

El
em

en
ts

 w
it

h 
at

om
ic

 n
um

be
rs

 1
12

-1
16

 h
av

e 
be

en
 r

ep
or

te
d 

bu
t 

no
t 

fu
lly

au
th

en
ti

ca
te

d


