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Introduction Periodic table  
of elem

ents
T

he periodic table is a useful w
ay of organizing the elem

ents. 
It arranges the elem

ents in order of their atom
ic num

ber, 
w

hich is the num
ber of protons in the nucleus of an atom

, 
and is unique to every elem

ent. T
he table also divides the 

elem
ents into row

s, called “periods”, and colum
ns, called 

“groups”. D
m

itri M
endeleev, the chem

ist w
ho devised the 

table, arranged the elem
ents based on the sim

ilarity of 
certain physical and chem

ical properties.

Sc 21

44.956

Y 39

88.906

L
a-L

u

57-71

A
c-Lr

89-103

Z
r 40

91.224

H
f 72

178.49

R
f 104

(261)

L
a 57

138.91

A
c 89

(227)

T
i 22

47.867

N
b 41

92.906

T
a 73

180.95

D
b 105

(262)

C
e 58

140.12

T
h 90

232.04

V 23

50.942

M
o 42

95.94

W 74

183.84

Sg 106

(266)

P
r 59

140.91

Pa 91

231.04

C
r 24

51.996

T
c 43

(96)

R
e 75

186.21

B
h 107

(264)

N
d 60

144.24

U 92

238.03

M
n 25

54.938

R
u 44

101.07

O
s 76

190.23

H
s

108

(277)

P
m 61

(145)

N
p 93

(237)

Fe 26

55.845

R
h 45

102.91

Ir 77

192.22

M
t

109

(268)

Sm 62

(150.36)

P
u 94

(244)

C
o 27

58.933

P
d 46

106.42

P
t 78

195.08

D
s

110

(281)

E
u 63

151.96

A
m 95

(243)

N
i 28

58.693

A
g 47

107.87

A
u 79

196.97

R
g 111

(272)

G
d 64

157.25

C
m 96

(247)

C
u 29

63.546

Z
n 30

C
d 48

H
g 80

T
b 65

C
n 112

B
k 97

112.41

200.59

285

158.93

(247)

65.39

H 1

1.0079

L
i 3

6.941

N
a 11

22.990

K 19

39.098

R
b 37

85.468

C
s 55

132.91

Fr 87

(223)

B
e 4

9.0122

M
g 12

24.305

C
a 20

40.078

Sr 38

87.62

B
a 56

137.33

R
a 88

(226)

T
he actinides and the 

lanthanides a
re p

la
ced

 

b
etw

een
 th

e a
lka

lin
e ea

rth
 

m
eta

ls a
n

d
 th

e tra
n

sitio
n

 

m
eta

ls, b
u

t h
a

ve b
een

  

m
o

ved
 b

elo
w

 to
 g

ive  

th
em

 m
o

re sp
a

ce.
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T
l 81

204.38 KEYH
ydrogen

T
he B

oron
 G

roup

A
lkali M

etals
T

he C
arbon

 G
roup

A
lkalin

e E
arth M

etals
T

he N
itrogen

 G
roup

T
ran

sition
 M

etals
T

he O
xygen

 G
roup

L
an

than
ides

T
he H

alogen
 G

roup

A
ctin

ides
N

oble G
ases

P
erio

d
s ru

n
 fro

m
  

left to
 rig

h
t.

G
ro

u
p

s ru
n

 fro
m

 

to
p

 to
 b

o
tto

m
.

G
a 31

In 49

A
l 13

D
y 66

N
h

113

C
f 98

Reading the table 

T
he periodic table w

as 
developed by the R

ussian 
chem

ist D
m

itri M
endeleev in 

1869. O
thers had tried before, 

but his table w
as periodic,  

or repeating, because the 
characteristics of elem

ents 
follow

 a pattern. T
he table w

as 
incom

plete as som
e elem

ents 
had not yet been discovered. 
H

ow
ever, M

endeleev predicted 
the positions of the m

issing 
elem

ents, and w
as proved right 

w
hen they w

ere finally isolated 
m

any years later.

DM
ITRI M

EN
DELEEV

114.82

26.982

284

162.50

(251)

69.723

B 5

10.811

G
e 32 C 6

Sn 50

Si 14

P
b 82

H
o 67

F
l

114

E
s 99

118.71

28.086

207.2

289

164.93

(252)

72.64

12.011

A
s 33

N 7

Sb 51 P 15

B
i 83

E
r 68

M
c

115

F
m 100

121.76

30.974

208.96

288

167.26

(257)

74.922

14.007

Se 34

O 8

T
e 52 S 16

Po 84

T
m 69

L
v 116

M
d

101

127.60

32.065

(209)

293

168.93

(258)

78.96

15.999

B
r 35 F 9I 53

C
l 17

A
t 85

Y
b 70

T
s 117

N
o 102

126.90

35.453

(210)

294

173.04

(259)

79.904

18.998

K
r 36

N
e 10

H
e 2

X
e 54

A
r 18

R
n 86

L
u 71

O
g

118

L
r 103

131.29

39.948

(222)

294

174.97

(262)

83.80

20.180

4.0026

T
his group

 co
n

ta
in

s  

th
e n

o
b

le g
a

ses, w
h

ich
  

n
ever fo

rm
 b

o
n

d
s w

ith
 o

th
er 

elem
en

ts, a
n

d
 a

re u
n

rea
ctive. 

E
lem

ents of this group 
a

re sem
i-m

eta
ls (elem

en
ts 

w
ith

 th
e p

ro
p

erties o
f

 

m
eta

ls a
n

d
 n

o
n

-m
eta

ls): 

th
ey a

re sh
in

y like m
eta

ls  

b
u

t cru
m

b
le ea

sily  

like n
o

n
-m

eta
ls.

Elem
ent sym

bol
Every elem

ent has a unique sym
bol of one or tw

o  
letters. These sym

bols ensure that scientists w
ho  

speak different languages do not get confused w
hile 

describing the sam
e elem

ent.

Periods
Elem

ents in the sam
e period, or row

, have the sam
e 

num
ber of electron shells in their atom

s. So elem
ents 

in period one have one electron shell, w
hile those in 

period six have six electron shells.

Groups
M

em
bers of a group, or colum

n, all 
have the sam

e num
ber of electrons  

in their outerm
ost shell. For exam

ple, 
group one elem

ents have one outer 
electron, w

hile group eight elem
ents 

have eight outer electrons.

L
i 3

6.941

T
h

e a
to

m
ic n

u
m

b
er is th

e n
u

m
b

er o
f

 p
ro

to
n

s  

in
 th

e n
u

cleu
s o

f
 th

is elem
en

t’s a
to

m
s.

T
h

e fi
rst letter o

f
 a

 sym
b

o
l is a

lw
a

ys  

a
 ca

p
ita

l, b
u

t th
e seco

n
d

 is lo
w

er ca
se.

T
h

e a
to

m
ic m

a
ss n

u
m

b
er is th

e a
vera

g
e o

f
 a

ll th
e 

a
to

m
s o

f
 th

e elem
en

t. It is n
o

t a
 w

h
o

le n
u

m
b

er 

b
eca

u
se th

ere a
re d

ifferen
t iso

to
p

es (fo
rm

s) o
f

 ea
ch

 

elem
en

t, ea
ch

 w
ith

 a
 d

ifferen
t n

u
m

b
er o

f
 n

eu
tro

n
s.



P
u

re
 h

yd
ro

ge
n

 
(H

) 
fi

ll
s 

th
is

 
gl

as
s 

sp
h

er
e,

 
an

d
 p

ro
d

u
ce

s  
a 

p
u

rp
le

  
gl

ow
 w

h
en

 
el

ec
tr

if
ie

d
.

H Hy
dr

og
en

 
T

he
 fi

rs
t e

le
m

en
t, 

hy
dr

og
en

 (H
), 

is
 lo

ca
te

d 
ab

ov
e 

th
e 

al
ka

li 
m

et
al

s 
in

 th
e 

fir
st

 
co

lu
m

n 
of

 th
e 

pe
ri

od
ic

 ta
bl

e.
 H

ow
ev

er
, b

ec
au

se
 it

 is
 s

o 
di

ff
er

en
t t

o 
th

e 
el

em
en

ts
 

be
lo

w
 it

, h
yd

ro
ge

n 
is

 n
ot

 in
cl

ud
ed

 in
 th

ei
r 

gr
ou

p.
 T

hi
s 

ga
s 

ha
s 

th
e 

si
m

pl
es

t a
to

m
s 

of
 a

ny
 e

le
m

en
t w

ith
 o

ne
 e

le
ct

ro
n 

an
d 

on
e 

pr
ot

on
. I

t i
s 

hi
gh

ly
 r

ea
ct

iv
e 

an
d 

fo
rm

s 
co

m
po

un
ds

 w
ith

 a
ll 

ki
nd

s 
of

 o
th

er
 e

le
m

en
ts

.

At
om

ic
 s

tr
uc

tu
re

A 
hy

dr
og

en
 (H

) a
to

m
  

ha
s 

on
e 

el
ec

tr
on

 m
ov

in
g 

 
ar

ou
nd

 a
 n

uc
le

us
  

co
ns

is
ti

ng
 o

f 
a 

 
si

ng
le

 p
ro

to
n.

  

Ph
ys

ic
al

 p
ro

pe
rt

ie
s

H
yd

ro
ge

n 
ga

s 
is

 t
he

 li
gh

te
st

 
m

at
er

ia
l i

n 
th

e 
Un

iv
er

se
. P

ur
e 

hy
dr

og
en

 is
 r

ar
e 

on
 E

ar
th

, a
s 

it
 e

sc
ap

es
 q

ui
ck

ly
 f

ro
m

 t
he

 
at

m
os

ph
er

e 
in

to
 s

pa
ce

.

Ch
em

ic
al

 p
ro

pe
rt

ie
s

H
yd

ro
ge

n 
is

 h
ig

hl
y 

fla
m

m
ab

le
. I

t 
 

fo
rm

s 
co

m
po

un
ds

  
w

it
h 

bo
th

 m
et

al
s 

 
an

d 
no

n-
m

et
al

s.
 

Co
m

po
un

ds
Th

e 
m

os
t 

co
m

m
on

  
hy

dr
og

en
 c

om
po

un
d 

 
is

 w
at

er
. A

ci
ds

 a
re

 
co

m
po

un
ds

 t
ha

t 
 

co
nt

ai
n 

hy
dr

og
en

.
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Hydrogen

H
ydrogen is the first m

em
ber of the periodic 

table because it has the sim
plest atom

s of  
all elem

ents: they contain just one proton
  

and one electron
. P

ure hydrogen
 is a 

transparent gas. T
he biggest planets, such as 

Jupiter, are vast balls of hydrogen m
ixed w

ith 

other gases, such as helium
 and m

ethane. O
n 

E
arth, hydrogen is com

m
only found in w

ater. 
A

lthough it is rare in E
arth’s atm

osphere, hydrogen 
is the m

ost com
m

on elem
ent in the U

niverse. 
Stars, such as the Sun

, contain large am
ounts  

of hydrogen. A
t the centre of a star, atom

s of  

H
ydrogen gas is tra

p
p

ed
 

in
sid

e th
is g

la
ss sp

h
ere, a

n
d

 

g
ives o

ff
 a

 p
u

rp
le g

lo
w

 

w
h

en
 electrifi

ed
.

 Hydrogen
H 1

1
1

0
State: G

as 
D

iscovery: 1766

T
hree quarters 

of this planet is 
m

a
d

e u
p

 o
f

 la
y
ers 

o
f

 g
a

seo
u

s a
n

d

liq
u

id
 h

yd
ro

g
en

.

Jupiter

T
his gaseous

stellar nursery
is g

ivin
g

 b
irth

 to

th
o

u
sa

n
d

s o
f

 sta
rs.

The Orion Nebula

Water

E
ach w

ater
m

olecule
 h

a
s 

tw
o

 a
to

m
s o

f
 

h
yd

ro
g
en

 a
n

d
 

o
n

e o
f

 o
xyg

en
.

Fo
rm

s
P

u
re hydrogen in a glass sphere

T
he Sun

 is 

fo
u

r-fi
fth

s  

h
yd

ro
g
en

.

The Sun
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this elem
ent are fused together, releasing heat and 

light. N
ew

 stars form
 inside nebulae – such as the 

O
rion

 N
ebula. T

hey are clouds of hydrogen gas 
that slow

ly collapse in on them
selves. H

ydrogen 
gas is the lightest elem

ent of all, and m
uch lighter 

than air. T
his is w

hy hydrogen-filled balloons 

can fly higher than air-filled ones. Supercold  
liquid hydrogen is used as rocket fuel. A

tom
s of 

hydrogen fuse together to produce a lot of energy 
in hydrogen bom

b explosions. P
ure hydrogen is 

also a clean energy source used to pow
er som

e 
buses and cars.

T
his pow

erful 
explosion w

as 
crea

ted
 b

y fu
sin

g

h
yd

ro
g
en

 a
to

m
s.

T
his liquid is

u
sed

 a
s a

 clea
n

er.

T
his energy-

efficient bus ru
n

s

o
n

 a
 fu

el cell fed
  

b
y h

yd
ro

g
en

.

T
his pow

erful rocket u
ses 

4
5

,4
6

0
 litres (1

2
,0

0
0

 g
a

l) o
f

 

liq
u

id
 h

yd
ro

g
en

 a
s fu

el.

Delta IV rocket

U
ses

T
he 

only w
aste 

produ
ct   

of hydrogen fuel 
is steam

.

H
yd

rogen
-p

ow
ered

 b
u

s

H
yd

rogen
 b

o
m

b
 exp

lo
sio

n

Hydrogen 
peroxide

M
argarin

e

T
his balloon

 ca
n

 rise h
ig

h

in
to

 th
e a

tm
o

sp
h

ere w
h

ere

sen
so

rs g
a

th
er in

fo
rm

a
tio

n

a
b

o
u

t a
tm

o
sp

h
eric p

ressu
re,

tem
p

era
tu

re, a
n

d
 w

in
d

 sp
eed

. Hydrogen-filled balloon

M
argarine is 

m
a

d
e o

f
 veg

eta
b

le

o
ils th

icken
ed

 b
y

a
d

d
in

g
 h

yd
ro

g
en

.

M
any space rockets use 

liquid hydrogen as a fuel. 
T

he hydrogen reacts 
w

ith oxygen to form
 

extrem
ely hot steam

, 
w

hich blasts out of the 
nozzle. T

his creates 
thrust, w

hich pushes  
the rocket upw

ards.

1
. T

h
is ch

a
m

b
er co

n
ta

in
s a

 

fu
el ca

lled
 liq

u
id

 h
yd

ro
g
en

.

2
. T

h
is ch

a
m

b
er co

n
ta

in
s 

liq
u

id
 o

xyg
en

, w
h

ich
 h

elp
s 

th
e h

yd
ro

g
en

 b
u

rn
. 

3
. P

u
m

p
s co

n
tro

l th
e fl

o
w

 

o
f

 th
e liq

u
id

s a
s th

ey en
ter 

th
e co

m
b

u
stio

n
 ch

a
m

b
er. 

4
. T

h
e co

m
b

u
stio

n
 ch

a
m

b
er is 

w
h

ere th
e liq

u
id

s m
ix to

g
eth

er, 

crea
tin

g
 a

n
 exp

lo
sio

n
.

H
OW

 ROCKET FUEL W
ORKS

5
. T

h
e n

o
zzle em

its h
o

t va
p

o
u

r, 

p
u

sh
in

g
 th

e ro
cket u

p
w

a
rd

s.



Po
ta

ss
iu

m
 (

K
) 

ta
rn

is
he

s 
w

he
n

 
ex

po
se

d 
to

 a
ir

.

At
om

ic
 s

tr
uc

tu
re

Th
e 

at
om

s 
of

 a
ll 

al
ka

li 
 

m
et

al
s 

ha
ve

 ju
st

 o
ne

 e
le

ct
ro

n 
in

 t
he

ir
 o

ut
er

 s
he

ll.
 A

lk
al

i 
m

et
al

 a
to

m
s 

ar
e 

am
on

g 
 

th
e 

bi
gg

es
t 

of
 a

ll 
at

om
s.

 

Ph
ys

ic
al

 p
ro

pe
rt

ie
s

Th
es

e 
m

et
al

s 
ar

e 
so

ft
  

en
ou

gh
 t

o 
be

 c
ut

 w
it

h 
 

a 
kn

if
e.

 T
he

y 
ar

e 
al

l 
si

lv
er

y 
an

d 
ve

ry
  

sh
in

y 
w

he
n 

cl
ea

n.
 

Ch
em

ic
al

 p
ro

pe
rt

ie
s

Al
ka

li 
m

et
al

s 
ar

e 
hi

gh
ly

 
re

ac
ti

ve
. T

he
y 

fo
rm

  
bo

nd
s 

w
it

h 
ot

he
r 

el
em

en
ts

, 
gi

vi
ng

 a
w

ay
 t

he
ir

 s
in

gl
e 

ou
te

r 
el

ec
tr

on
.

Co
m

po
un

ds
Th

es
e 

m
et

al
s 

re
ac

t 
w

it
h 

w
at

er
 

to
 f

or
m

 c
om

po
un

ds
 c

al
le

d 
hy

dr
ox

id
es

. T
he

y 
re

ac
t 

ea
si

ly
 

w
it

h 
ha

lo
ge

ns
 t

o 
fo

rm
 s

al
ts

, 
su

ch
 a

s 
so

di
um

 c
hl

or
id

e.

A
fte

r h
yd

ro
ge

n 
(H

) –
 w

hi
ch

 is
 in

 a
 g

ro
up

 o
f 

its
 o

w
n 

– 
th

e 
fir

st
 c

ol
um

n 
of

 th
e 

pe
ri

od
ic

 ta
bl

e 
co

nt
ai

ns
 th

e 
al

ka
li 

m
et

al
s.

 T
hi

s 
gr

ou
p 

ge
ts

 it
s 

na
m

e 
fr

om
  

th
e 

w
ay

 th
e 

el
em

en
ts

 r
ea

ct
 w

ith
 w

at
er

. T
he

se
 v

ig
or

ou
s 

re
ac

tio
ns

 a
lw

ay
s 

pr
od

uc
e 

ac
id

-a
tt

ac
ki

ng
 c

om
po

un
ds

 c
al

le
d 

al
ka

lis
. N

on
e 

of
 th

e 
al

ka
li 

m
et

al
s 

ar
e 

ev
er

 fo
un

d 
in

 a
 p

ur
e 

fo
rm

 in
 n

at
ur

e.
 T

he
 fi

rs
t t

hr
ee

 m
et

al
s 

ar
e 

co
m

m
on

 
in

 m
an

y 
m

in
er

al
s,

 w
hi

le
 th

e 
la

st
 th

re
e 

ar
e 

ra
re

r.

Al
ka

li 
M

et
al

s

KL
i

R
b

N
a

C
s

Fr



P
u

re hyd
rogen

 
(H

) fills th
is 

glass sp
h

ere, 
an

d
 p

rod
u

ces  
a p

u
rp

le  
glow

 w
h

en
 

electrified
.

H

Hydrogen 
T

he first elem
ent, hydrogen (H

), is located above the alkali m
etals in the first 

colum
n of the periodic table. H

ow
ever, because it is so different to the elem

ents 
below

 it, hydrogen is not included in their group. T
his gas has the sim

plest atom
s 

of any elem
ent w

ith one electron and one proton. It is highly reactive and form
s 

com
pounds w

ith all kinds of other elem
ents.

Atom
ic structure

A hydrogen (H
) atom

  
has one electron m

oving  
around a nucleus  

consisting of a  
single proton.  

Physical properties
H

ydrogen gas is the lightest 
m

aterial in the Universe. Pure 
hydrogen is rare on Earth, as 
it escapes quickly from

 the 
atm

osphere into space.

Chem
ical properties

H
ydrogen is highly 

flam
m

able. It  
form

s com
pounds  

w
ith both m

etals  
and non-m

etals. 

Com
pounds

The m
ost com

m
on  

hydrogen com
pound  

is w
ater. Acids are 

com
pounds that  

contain hydrogen.
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Alkali Metals

Fo
rm

s

L
it

hi
um

 is
 t

he
 t

he
 li

gh
te

st
 o

f 
al

l m
et

al
s:

  
in

 fa
ct

, i
t 

ca
n

 e
as

ily
 f

lo
at

 o
n

 w
at

er
. P

ur
e 

lit
hi

um
 is

 v
er

y 
re

ac
tiv

e 
an

d 
ex

is
ts

 in
 n

at
ur

e 
 

on
ly

 in
 m

in
er

al
s,

 s
uc

h 
as

 le
p

id
ol

it
e 

an
d 

 
p

et
al

it
e.

 M
an

y 
lit

hi
um

 m
in

er
al

s 
di

ss
ol

ve
  

w
el

l i
n 

w
at

er
, a

nd
 th

e 
w

or
ld

’s
 s

ea
w

at
er

  

co
nt

ai
ns

 m
ill

io
ns

 o
f 

to
nn

es
 o

f 
di

ss
ol

ve
d 

lit
hi

um
. 

L
ith

iu
m

 is
 fo

un
d 

in
 m

an
y 

fo
od

s,
 s

uc
h 

as
 

m
us

hr
oo

m
s,

 p
ra

w
ns

, n
ut

s,
 a

nd
 s

ee
ds

. I
t a

ls
o 

 
ha

s 
m

an
y 

ev
er

yd
ay

 a
pp

lic
at

io
ns

. G
la

ss
 c

om
po

se
d 

of
 li

th
iu

m
 is

 re
si

st
an

t t
o 

he
at

 a
nd

 is
 u

se
d 

in
 

sc
ie

nt
ifi

c 
eq

ui
pm

en
t, 

su
ch

 a
s 

m
ir

ro
rs

 in
si

de
 

 L
it

hi
um

3
3

4
St

at
e:

 S
ol

id
D

is
co

ve
ry

: 1
81

7

Li3

T
he

se
 m

us
hr

oo
m

s 
a

b
so

rb
 l
it

h
iu

m
  

fr
o

m
 t

h
e 

so
il
.

T
hi

s 
w

at
er

 c
o

n
ta

in
s  

ti
n

y 
a

m
o

u
n

ts
 o

f
 d

is
so

lv
ed

 

li
th

iu
m

 m
in

er
a

ls
.

G
re

y-
w

hi
te

 
cr

ys
ta

ls

Pu
rp

le
 c

ry
st

al
s 

 
co

n
ta

in
in

g
 l
it

h
iu

m
Sh

in
y 

pu
re

 li
th

iu
m

  
b

ec
o

m
es

 d
u

ll
 w

h
en

  

it
 i

s 
ex

p
o

se
d

 t
o

 a
ir.

Pr
aw

ns
 a

n
d

 o
th

er
  

sh
el

lfi
sh

 a
b

so
rb

 l
it

h
iu

m
  

fr
o

m
 s

ea
w

a
te

r.

Drinking  
water

B
ar

 o
f 

p
u

re
 l

it
h

iu
m

 r
ef

in
ed

 i
n

 a
 l

ab
o

ra
to

ry

L
ep

id
ol

it
e

O
ys

te
r 

m
u

sh
ro

om
s

Pa
le

 
qu

ar
tz

Pe
ta

lit
e 

P
ra

w
n
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te
le

sc
op

es
. T

he
 m

ai
n 

us
e 

fo
r 

lit
hi

um
 is

 in
 

re
ch

ar
ge

ab
le

 b
at

te
rie

s.
 L

ith
iu

m
-io

n 
ba

tt
er

ie
s 

 
ar

e 
sm

al
l b

ut
 p

ow
er

fu
l, 

so
 th

ey
 a

re
 id

ea
l f

or
 

sm
ar

tp
ho

n
es

 a
nd

 ta
bl

et
 c

om
pu

te
rs

. L
ar

ge
r 

lit
hi

um
 b

at
te

rie
s 

ca
n 

po
w

er
 e

le
ct

ri
c 

ca
rs

,  
w

hi
ch

 a
re

 le
ss

 p
ol

lu
tin

g 
th

an
 p

et
ro

l-p
ow

er
ed

  

on
es

. A
 s

oa
py

 c
om

po
un

d 
ca

lle
d 

lit
hi

um
 s

te
ar

at
e 

 
is

 u
se

d 
to

 m
ak

e 
gr

ea
se

, w
hi

ch
 h

el
ps

 a
ut

om
ob

ile
 

en
gi

ne
s 

ru
n 

sm
oo

th
ly

. T
hi

s 
el

em
en

t a
ls

o 
fo

rm
s 

ha
rd

 c
er

am
ic

s 
th

at
 a

re
 u

se
d 

to
 p

ro
du

ce
 s

tr
on

g 
ar

ti
fi

ci
al

 t
ee

th
. L

ith
iu

m
 c

om
po

un
ds

 a
re

 u
se

d 
 

in
 s

om
e 

m
ed

ic
in

es
 a

s 
w

el
l.

U
se

s

 
T

hi
s 

ca
r 

 
ru

n
s 

fo
r 

at
 le

as
t 

 
64

 k
m

 (4
0 

m
ile

s)
 

on
 o

n
e 

ch
ar

ge
 o

f 
 

it
s 

lit
hi

um
-i

on
 

ba
tt

er
y.

Sm
ar

tp
ho

ne
s 

ru
n

 o
n

 r
ec

h
a

rg
ea

b
le

  

b
a

tt
er

ie
s 

th
a

t 
u

se
 l
it

h
iu

m
 t

o
 s

to
re

 e
le

ct
ri

ci
ty

.

T
hi

s 
ai

r 
sc

ru
bb

er
 u

se
d

  

li
th

iu
m

 h
yd

ro
xi

d
e 

to
 p

u
ri

fy
 t

h
e  

a
ir

 i
n

si
d

e 
th

e 
A

p
o

ll
o

 1
3

 s
p

a
ce

cr
a

ft
.

Li
th

iu
m

 c
oa

tin
g 

on
 th

e 
in

si
de

 o
f 

so
m

e 
sy

ri
ng

es
 

d
el

a
ys

 t
h

e 
cl

o
tt

in
g

 o
f

 t
h

e 
b

lo
o

d
 s

a
m

p
le

.

So
m

e 
ar

tifi
ci

al
 te

et
h  

co
n

ta
in

 l
it

h
iu

m
 d

is
ci

la
te

,  

w
h

ic
h

 m
a

ke
s 

th
em

 s
tr

o
n

g.
Li

th
iu

m
 a

dd
ed

 to
 th

e 
gl

as
s  

in
 th

is
 m

ir
ro

r 
st

o
p

s 
th

e 
d

is
c  

w
a

rp
in

g
 a

t 
ex

tr
em

e 
te

m
p

er
a

tu
re

s.

Li
th

iu
m

-r
ic

h 
gr

ea
se

 i
s 

u
se

d
 t

o
 k

ee
p

 m
ec

h
a

n
ic

a
l 

p
a

rt
s 

o
f

 e
n

g
in

es
 r

u
n

n
in

g
 

sm
o

o
th

ly
, 

ev
en

 w
h

en
 h

o
t.

Hale telescope mirror

A
rt

if
ic

ia
l 

te
et

h

Sy
ri

n
ge

Sm
ar

tp
h

on
e

A
ir

 s
cr

u
b

b
er

car
Electric 

T
hi

s 
ch

ar
gi

ng
 

po
in

t c
a

n
 re

ch
a

rg
e 

a
n

 e
le

ct
ri

c 
ca

r 
 

in
 o

n
e 

h
o

u
r.

G
re

as
e

3.
 A

s 
io

n
s 

m
o
ve

 i
n

si
d

e 
th

e 
b
a

tt
er

y,
 

n
eg

a
ti

ve
ly

 c
h

a
rg

ed
 e

le
ct

ro
n

s 
a

re
 

p
u

sh
ed

 t
h

ro
u

g
h

 t
h

e 
p

h
o

n
e,

 p
ro

vi
d

in
g

 

th
e 

el
ec

tr
ic

it
y 

to
 m

a
ke

 i
t 

w
o

rk
.

1.
 I

n
si

d
e 

th
e 

b
a

tt
er

y,
 

p
o

si
ti

ve
ly

 c
h

a
rg

ed
 

li
th

iu
m

 i
o

n
s 

m
o

ve
 

fr
o

m
 t

h
e 

n
eg

a
ti

ve
 

el
ec

tr
o

d
e 

(-
) 

to
 t

h
e 

p
o

si
ti

ve
 e

le
ct

ro
d

e 
(+

).
2.

 T
h

e 
p

o
si

ti
ve

 

el
ec

tr
o

d
e 

re
ce

iv
es

 

li
th

iu
m

 i
o

n
s 

a
s 

th
e 

b
a

tt
er

y 
lo

se
s 

ch
a

rg
e.

+
–

LI
TH

IU
M

-I
ON

 B
AT

TE
RY

Li
th

iu
m

-io
n 

ba
tt

er
ie

s 
ar

e 
w

id
el

y 
us

ed
 in

 d
ig

ita
l d

ev
ic

es
. T

he
y 

st
or

e 
el

ec
tr

ic
al

 e
ne

rg
y 

to
 p

ow
er

 g
ad

ge
ts

 a
nd

 a
re

 re
ch

ar
ge

ab
le

. T
hi

s 
 

di
ag

ra
m

 s
ho

w
s 

a 
de

vi
ce

’s
 b

at
te

ry
 in

 u
se

; w
he

n 
it 

is
 c

ha
rg

in
g,

 th
is

  
pr

oc
es

s 
is

 re
ve

rs
ed

.
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Fo
rm

s Sodium
N
a 11

T
his sodium

-rich 
m

ineral is a
n

 exa
m

p
le 

o
f

 a
 zeo

lite, a
 m

in
era

l 

w
ith

 tin
y h

o
les th

a
t  

ca
n

 tra
p

 g
a

ses.

E
veryday salt contains lots of sodium

. 
A

lthough abundant on E
arth, sodium

 is  
never found in its pure form

 naturally: it form
s 

com
pounds w

ith other elem
ents. Sodium

 chloride, 
w

hich also contains chlorine, is the m
ost com

m
on 

sodium
 com

pound. It is also know
n as the m

ineral 

halite, and it is w
hat m

akes seaw
ater salty. O

ther 
sodium

 m
inerals include sodalite, a soft blue 

stone that can be shaped and polished. P
ure 

sodium
 is soft enough to be cut w

ith a knife.  
It reacts w

ith oxygen in the air, form
ing a 

com
pound called sodium

 oxide, and bursts  
Laboratory sample of  

pure sodium in an airless vial

T
his glass case

  

h
o

ld
in

g
 p

u
re so

d
iu

m
 h

a
s 

n
o

 a
ir in

 it, to
 p

reven
t  

th
e m

eta
l fro

m
 rea

ctin
g

 

w
ith

 o
xyg

en
 in

 a
ir.

Polished gem
stone m

a
d

e  

o
f

 th
e m

in
era

l so
d

a
lite

C
ube-shaped  

transparent crystals
Salar d

e U
yu

n
i, B

o
livia

T
he thick, w

hite crust 
co

verin
g

 th
is sa

lt fl
a

t co
n

ta
in

s 

so
d

iu
m

 ch
lo

rid
e a

n
d

 o
th

er sa
lts.

11
11

12
State: Solid
D

iscovery: 1807

Soft, shiny m
etal

Pure halite crystals

Sodalite cabo
ch

on

C
linoptilolite
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U
ses

C
ats 

w
ere sacred

 
in ancient E

gypt, so  
their bodies w

ere 
m

um
m

ified.

into flam
es w

hen in contact w
ith w

ater. Sodium
 

com
pounds in firew

orks burn w
ith a yellow

-
orange colour. In ancient E

gypt, crystals of sodium
 

com
pounds w

ere used to preserve dead bodies as 
m

um
m

ies. A
nother useful com

pound is sodium
 

bicarbonate, or baking soda, w
hich m

akes dough 

rise by releasing bubbles of carbon dioxide. W
hen 

refined, sodium
 chloride, or com

m
on salt, has 

several uses. It m
akes ice m

elt so it is used in  
salty grit added to slippery, frozen roads. T

his 
helps de-ice them

 to m
ake them

 safer. It is also  
an im

portant seasoning for m
eals. 

T
his tube g

lo
w

s b
rig

h
t y

ello
w

-o
ra

n
g
e  

w
h

en
 so

d
iu

m
 g

a
s is electrifi

ed
.

So
d

iu
m

 gas lam
p

E
dible salt  

is m
a

d
e b

y 

refi
n

in
g

 th
e 

m
in

era
l h

a
lite.

Common salt

Spraying salt keep
s ro

a
d

s 

free fro
m

 ice a
n

d
 fro

st.

De-icing

Indigo dyes –
 o

ften
 

u
sed

 in
 b

lu
e jea

n
s –

 

co
n

ta
in

 so
d

iu
m

.

In
digo d

ye p
ow

der

B
right yellow

 lights  
in firew

orks g
et th

eir  

co
lo

u
r fro

m
 b

u
rn

in
g

  

so
d

iu
m

 co
m

p
o

u
n

d
s.

So
d

iu
m

 firew
o

rks

T
his m

um
m

ified body
, 

o
r m

u
m

m
y, w

a
s p

reserved
 

u
sin

g
 so

d
iu

m
 co

m
p

o
u

n
d

s. 

Som
e soaps 

co
n

ta
in

 

so
d

iu
m

 

h
yd

ro
xid

e.

O
dourless  

w
hite pow

der

B
akin

g sod
a

1
. O

rg
a

n
s, su

ch
 a

s th
e sto

m
a

ch
 a

n
d

 

lu
n

g
s, w

ere rem
o

ved
 fro

m
 th

e d
ea

d
 b

o
d

y.

A
ncient E

gyptians 
believed in life after  
death and so preserved 
the bodies of their  
dead. A

 dead body  
w

as w
ashed and the 

organs rem
oved, then  

crystals of sodium
 

com
pounds w

ere  
used to dry it out.  
Finally, the body  
w

as w
rapped, w

hich 
com

pleted the process 
of m

um
m

ification.

2
. S

o
d

iu
m

 co
m

p
o

u
n

d
s w

ere sp
rea

d
  

o
ver th

e b
o

d
y to

 d
ry it.

3
. T

h
e b

o
d

y w
a

s w
ra

p
p

ed
 

 in
 clo

th
 to

 m
u

m
m

ify it.

M
UM

M
IFICATION

Mummy

Bar of  soap



SA
LT

 F
LA

TS
 H

u
n

d
re

d
s 

o
f 

a
rt

if
ic

ia
l 

p
o

n
d

s 
d

o
t 

th
e
 h

il
ls

id
e
 n

e
a
r 

th
e
 s

m
a
ll
 t

o
w

n
 

o
f 

M
a
ra

s,
 h

ig
h

 i
n

 t
h

e
 A

n
d

e
s 

o
f 

P
e
ru

. 
T

h
e
 p

o
n

d
s 

fi
ll
 w

it
h

 w
a
te

r 
 

fr
o

m
 a

 s
tr

e
a
m

 t
h

a
t 

ru
n

s 
d

o
w

n
 f

ro
m

 t
h

e
 n

e
a
rb

y
 m

o
u

n
ta

in
s.

 I
n

 t
h

e
 s

u
n

sh
in

e
, 
th

e
 w

a
te

r 
e
v
a
p

o
ra

te
s,

 

le
a
v
in

g
 b

e
h

in
d

 a
 t

h
ic

k
 s

a
lt

 c
ru

st
 t

h
a
t 

c
a
n

 b
e
 c

o
ll
e
c
te

d
. 
T

h
e
 p

e
o

p
le

 o
f 

M
a
ra

s 
h

a
v
e
 b

e
e
n

 g
a
th

e
ri

n
g

  

sa
lt

 i
n

 t
h

is
 w

a
y
 f

o
r 

a
t 

le
a
st

 5
0

0
 y

e
a
rs

.

T
he

 s
al

t f
or

m
s 

pa
rt

 o
f 

ro
ck

s 
de

ep
 u

nd
er

gr
ou

nd
 b

ef
or

e 
 

it 
is

 d
is

so
lv

ed
 b

y 
th

e 
st

re
am

 a
nd

 fl
ow

s 
in

to
 th

e 
po

ol
s.

 
E

va
po

ra
tio

n 
ca

n 
al

so
 b

e 
us

ed
 to

 c
ol

le
ct

 s
al

t f
ro

m
 s

ea
w

at
er

  
or

 o
th

er
 s

al
ty

 w
at

er
 s

ou
rc

es
 (k

no
w

n 
as

 b
ri

ne
s)

. T
od

ay
, 

ho
w

ev
er

, m
os

t o
f 

th
e 

w
or

ld
’s 

sa
lt 

co
m

es
 fr

om
 u

nd
er

gr
ou

nd
 

m
in

es
 c

on
ta

in
in

g 
th

ic
k 

la
ye

rs
 o

f 
sa

lt 
th

at
 a

re
 a

 r
es

ul
t o

f 

an
ci

en
t s

ea
s 

dr
yi

ng
 o

ut
. O

ve
r 

m
ill

io
ns

 o
f 

ye
ar

s,
 th

at
  

dr
y 

sa
lt 

ha
s 

be
co

m
e 

bu
ri

ed
 u

nd
er

 d
en

se
 la

ye
rs

 o
f 

ro
ck

s.
 

T
hi

s 
so

-c
al

le
d 

“r
oc

k 
sa

lt”
 is

 s
om

et
im

es
 u

ne
ar

th
ed

 u
si

ng
 

ex
ca

va
to

rs
. A

t o
th

er
 m

in
es

, i
t i

s 
w

as
he

d 
ou

t b
y 

pi
pi

ng
 in

 
w

ar
m

 w
at

er
, w

hi
ch

 d
is

so
lv

es
 th

e 
sa

lt.
 T

he
 b

ri
ne

 is
 th

en
 

pu
m

pe
d 

up
 to

 th
e 

su
rf

ac
e 

fo
r 

ev
ap

or
at

io
n.
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T
his ore co

n
ta

in
s ju

st 0
.7

 g
 

(0
.0

2
 o

z) o
f

 ra
d

iu
m

 in
 every 

1
,0

0
0

 kg
 (2

,2
0

5
 lb

) o
f

 ro
ck.

Form
s

 Radium
R

a 88

88 
88 

138
State: Solid
D

iscovery: 1898

R
adium

 is the only radioactive m
em

ber  
of the alkaline earth m

etals. It is also the 
rarest elem

ent in this group, and form
s in sm

all 
am

ounts w
hen the atom

s of m
ore com

m
on 

m
etals – such as uranium

 and thorium
 – break 

dow
n. R

adium
 atom

s do not survive for long, 

w
ith m

ost of them
 quickly decaying into  

radon, a radioactive noble gas. T
his elem

ent  
is highly dangerous and is rarely used today. 
H

ow
ever, in the early 20th century, radium

 
com

pounds w
ere in com

m
on use. L

um
inous 

paints, like those used to m
ake w

atch dials 

 
In 100 

years tim
e,  

only 4%
 of the  

radium
 atom

s in this 
w

atch w
ould have 

broken dow
n. 

Chunk of uraninite
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R
adium

 face 
pow

der w
a

s 

o
n

ce th
o

u
g

h
t  

to
 b

e g
o

o
d

 fo
r  

th
e skin

. 

Skin lotions co
n

ta
in

in
g

 

ra
d

iu
m

 w
ere co

m
m

o
n

  

in
 th

e 1
9

2
0

s.

T
his m

achine
 fro

m
 th

e 

ea
rly 2

0
th

 cen
tu

ry m
ixed

 

ra
d

iu
m

 in
to

 w
a

ter, w
h

ich
 

w
a

s th
o

u
g

h
t to

 m
a

ke it 

h
ea

lth
ier to

 d
rin

k.

T
he radium

 paint  
in

 th
is clo

ck
 m

a
k
es  

th
e n

u
m

b
ers g

lo
w

  

g
reen

-b
lu

e in
 th

e d
a

rk.

T
his vial co

n
ta

in
s  

a
 liq

u
id

 ca
lled

  

ra
d

iu
m

 ch
lo

rid
e.

R
adium

 w
as discovered in 

1898 by M
arie and P

ierre 
C

urie. T
hey found that 

uranium
 ores produced 

m
ore radioactivity than 

expected from
 sam

ples  
of uranium

. T
hey realized 

another radioactive m
etal  

w
as present and nam

ed  
it radium

. 

U
ses

glow
 in the dark, w

ere created using radium
. 

People w
orking w

ith this paint often becam
e  

ill, especially w
ith cancer, because the  

radiation produced by radium
 dam

ages D
N

A
. 

N
evertheless, until the 1940s, m

any people 
thought radium

’s radioactivity m
ade them

 

stronger, not w
eaker. T

hey injected them
selves 

w
ith vials containing a radium

 com
pound

, 
believing it gave them

 an energy boost. T
hey  

also thought that cream
s and cosm

etics w
ith 

radium
 in them

 m
ade the skin healthier, even 

though they did exactly the opposite.

Radium emanator

V
ials for  

radium
 treatm

ent

C
osm

etics

PIERRE AN
D M

ARIE CURIE

a luminous dial
Pocket watch with



97Transtion Metals

g
o

ld
 d

u
st

 w
it

h
 w

a
te

r 
o

r 
st

ro
n

g
 a

c
id

s.
 T

h
e
 

a
p

p
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d
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b
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e
 3

,3
00

-y
ea
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E
g
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 p
h
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u
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n
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u
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e
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fr
o

m
 i
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 S

o
m
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f 
th

e
 e
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ie
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 c
o

in
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 f
o

u
n

d
 i
n

  

T
u
rk

e
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 w
e
re

 m
a
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e
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f 
it
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G

o
ld
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s 

u
se
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 c

o
v
e
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b
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il
d
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 s
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il
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c
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 c
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ra
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 p
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h’

s 
m

um
m

ifi
ed

 fa
ce

.

G
o
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G
ol
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 s

ig
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T
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 fl
ak
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de
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ra
tin

g 
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xp

en
si
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ol
at
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 p
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 c
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n
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temple, Thailand
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 l
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n
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p
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b
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T

h
is

 s
ta

tu
e
 i

s 
c
o

m
p

le
te

ly
 c

o
v
e
re

d
 i

n
 a

 l
a
y
e
r 

o
f 

p
u

re
 g

o
ld

, 

a
n

d
 i

t 
d

ra
w

s 
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h
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d
.



A
lthough hum

ans have discovered m
any strong m

etals and 
useful elem

ents, gold has rem
ained one of the m

ost valuable. 
B

efore people knew
 w

hat it w
as, they saw

 glittering gold dust 
in river beds or dug large gold nuggets out from

 rocks. T
hey 

found that gold has m
any valuable qualities: it is soft enough to 

ham
m

er into any shape and can be m
elted dow

n for m
oulding 

into ornam
ents. B

est of all, its gleam
ing golden colour never 

fades aw
ay. A

ncient cultures prized item
s m

ade of gold: in 
ancient E

gypt, gold w
as used to m

ake coins as w
ell as to cap 

the tops of pyram
ids. G

old is, how
ever, so rare that if all the 

w
orld’s m

ined gold w
ere forged into a cube, it w

ould fit inside 
the penalty area of a soccer pitch.

Transition Metals

100

80
80

121
State: Liquid
D

iscovery: c. 1500 bce

Form
s

 M
ercury

H
g 80

M
ercury is the only m

etal that is liquid  
at room

 tem
perature. A

long w
ith w

ater, it is  
one of the few

 liquids found naturally on E
arth’s 

surface. P
ure m

ercury form
s around volcanoes 

w
here the heat separates it from

 its m
inerals, 

such as cinnabar. T
his red m

ineral has been 

used for m
any centuries: ancient R

om
ans 

roasted cinnabar to release a liquid they called 
h
yd

ra
rg

yru
m

, m
eaning “silver w

ater”. T
his  

w
as the elem

ent m
ercury. It w

as later know
n  

as quicksilver because of how
 fast it flow

ed as  
a stream

 of liquid. T
his m

etal is very poisonous:  

Solid 
m

ercury is soft 
enough to  be  
cu

t w
ith

  
a k

n
ife

.

T
his bright red  

m
ineral is th

e m
a

in
 o

re  

o
f

 m
ercu

ry u
sed

 to
d

a
y.

T
his m

etal m
elts 

a
t −

3
9

°C
 (−

3
8

°F
).

T
he “ribbed” effect  
is d

u
e to

 m
ercu

ry’s  

extrem
ely h

ig
h

 d
en

sity.

Liquid form
 of pure mercury

Cinnabar
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ep

tu
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N
am

ed
 a

ft
er
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e 

pl
an

et
 U
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ni

um
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th
e 

fir
st
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w
n 
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di
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ct
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e 

el
em

en
t. 
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 th

e 
ea
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20
th

 c
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, s
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e 
m
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tu
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se

d 
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iu

m
  

in
 g
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 b
ow

l g
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s, 

on
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e 
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te
r  

th
at
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 w
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 h
ar

m
fu

l m
et

al
.  

A
n 

un
st
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 fo
rm

, c
al

le
d 

ur
an

iu
m
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s 

us
ed
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s 

fu
el
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 n

uc
le

ar
 

re
ac
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nd
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to

m
ic
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m
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hu
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ra
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um

 m
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w
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w
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g

h
t 
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re
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n
d
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u
lt

ra
vi

o
le
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(U

V
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la
m

p
s.

T
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se
 b
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ck
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ec
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ta
in
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n
iu

m
 d

io
xi

d
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 w
h

ic
h
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 t

h
e 

m
a

in
 s

o
u

rc
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o
f

 u
ra

n
iu

m
.

T
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 r
ad

io
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tiv
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em
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 t
h
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m
in

er
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l 
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ep

tu
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iu
m

.

T
hi
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cy

cl
ot

ro
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il
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9
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8
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w
a
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se
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o
 d
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ep

tu
n
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m
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p
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 p
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 R
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t c
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 b
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 c
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p
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166 The Oxygen Group

 Oxygen
O 8

O
xygen

 is the m
ost com

m
on

 elem
en

t in
 

E
arth’s crust. O

xygen and its com
pounds m

ake 
up half of all rocks and m

inerals on our planet.  
In the atm

osphere, pure oxygen
 m

akes up 
around one-fifth of the air. T

his elem
ent is a 

transparent gas. Life on E
arth depends on  

oxygen for survival. A
nim

als breathe in air to 
collect the oxygen in it. O

ur bodies’ cells then use 
that oxygen to break apart sugars to release 
energy, w

hich pow
ers our bodies. A

nother 
process that involves oxygen is the burning 
reaction called com

bustion, in w
hich oxygen 

Streaks of light a
d

o
rn

 th
e sk

y a
s  

a
to

m
s o

f
 o

xyg
en

 in
 th

e a
ir a

re h
it b

y a
 

strea
m

 o
f

 p
a

rticles b
la

stin
g

 fro
m

 th
e S

u
n

.

N
o

rth
ern

 ligh
ts

E
ach w

ater 
m

o
lecu

le h
a

s tw
o

 

a
to

m
s o

f
 h

yd
ro

g
en

 

a
n

d
 o

n
e o

f
 o

xyg
en

.

Water

T
his glass sphere 

tra
p

s p
u

re o
xyg

en
, 

w
h

ich
 p

ro
d

u
ces a

 

silver-b
lu

e g
lo

w
  

w
h

en
 electrifi

ed
.

Plants relea
se 

o
xyg

en
 in

 su
n

lig
h

t.

Sunflowers

8
8

8
State: G

as
D

iscovery: 1774

F
lam

es a
re 

p
ro

d
u

ced
 w

h
en

 

o
xyg

en
 rea

cts w
ith

 

fu
el, su

ch
 a

s w
o

o
d

.

Pure oxygen in a glass sphere

Fo
rm

s

Fire

T
h

e fl
a

m
e g

o
es o

u
t  

w
h

en
 th

e o
xyg

en
  

su
p

p
ly is cu

t o
ff.

W
H

AT IS COM
BUSTION

?

C
om

bustion is a chem
ical reaction that  

produces heat and light. O
xygen is essential  

for com
bustion to take place.

C
a

n
d

le w
a

x is m
a

d
e o

f
 a

 

fl
a

m
m

a
b

le ca
rb

o
n

 co
m

p
o

u
n

d
, 

w
h

ich
 a

cts a
s a

 fu
el.

A
 b

ea
ker is p

la
ced

 o
ver  

a
 ca

n
d

le, sta
rvin

g
 th

e  

fl
a

m
e o

f
 o

xyg
en

.

T
h

e fl
a

m
e is stea

d
y  

in
 th

e p
resen

ce o
f

 o
xyg

en
.
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reacts w
ith a fuel and produces fire. O

xygen is 
also used up w

hen it reacts w
ith other elem

ents 
to form

 com
pounds called oxides. H

ow
ever, it is 

replenished by plan
ts through a process called 

photosynthesis, w
hich releases fresh oxygen.  

C
ar en

gin
es are pow

ered by the com
bustion  

of petrol or other fuels. O
xygen is also useful  

in the m
akin

g of steel. Tanks of oxygen let 
m

oun
tain

eers breathe easily in environm
ents 

that have low
 levels of this gas. R

ockets, such  
as the A

tlas V
, carry liquid oxygen to burn fuel  

in the absence of air in space.

H
ot steel m

a
y h

a
ve 

im
p

u
rities th

a
t a

re b
u

rn
ed

 

a
w

a
y u

sin
g

 p
u

re o
xyg

en
.

T
he up-and-dow

n m
otion 

of the pistons m
a

kes th
e 

w
h

eels o
f

 a
 ca

r sp
in

.

U
ses

Steelm
akin

g

M
o

u
n

tain
eer w

ith
 oxygen

 su
p

p
ly

Medical 
oxygen cylinder

Scu
b

a d
iverT

his flam
m

able  
gas-oxygen  
m

ixture
 b

u
rn

s  

h
o

t en
o

u
g

h
 to

  

m
elt m

eta
l.

T
his liquid 

co
n

ta
in

s  

a
n

 o
xyg

en
 

co
m

p
o

u
n

d
 

th
a

t p
reven

ts 

w
a

ter fro
m

 

freezin
g
 in

  

a
n

 en
g
in

e.

T
he oxygen

  

in this 
cylinder  
is g

iven
 to

 

p
a

tien
ts in

 

co
n

tro
lled

 

a
m

o
u

n
ts.

T
his piston  

is p
u

sh
ed

  

d
o

w
n

 w
h

en
 th

e 

m
ixtu

re exp
lo

d
es.

M
ountaineers h

a
ve to

 a
d

ju
st 

slo
w

ly to
 ch

a
n

g
in

g
 levels o

f
 

o
xyg

en
 a

s th
ey clim

b
 h

ig
h

er.

Atlas V rocket

T
his rocket ca

rries liq
u

id
 o

xyg
en

  

th
a

t m
ixes w

ith
 th

e fu
el to

 p
ro

d
u

ce h
o

t 

g
a

ses, w
h

ich
 h

elp
 th

e ro
cket lift o

ff.

T
he oxygen in this cylinder 
ca

n
 la

st fo
r u

p
 to

 3
0

 m
in

u
tes.

W
elding torch

O
xygen

 is  
colou

rless  
as a gas, but looks 

pale blu
e  

as a liquid.

Internal 
combustion engine

T
he piston

 th
en

 sq
u

eezes  

th
e m

ixtu
re o

f
 o

xyg
en

 

a
n

d
 fu

el.
T

his cylinder ta
kes in

 

o
xyg

en
 a

lo
n

g
 w

ith
 th

e fu
el.

A
ntifreeze
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K
n

ow
n

 s
in

ce
 a

n
ci

en
t 

ti
m

es
, s

ul
fu

r 
is

 o
n

e 
of

 
th

e 
fe

w
 n

on
-m

et
al

s 
th

at
 c

an
 b

e 
fo

un
d 

pu
re

 
in

 n
at

ur
e.

 T
h

is
 y

e
ll
o

w
, 
c
ry

st
a
ll
in

e
 e

le
m

e
n

t 
is

 

fo
u

n
d

 i
n

 l
a
rg

e
 a

m
o

u
n

ts
 n

e
a
r 

v
o

lc
a
n

ic
 c

ra
te

rs
. 

A
n

o
th

e
r 

n
a
m

e
 f
o

r 
su

lf
u
r 

is
 “

b
ri

m
st

o
n

e
”,
 w

h
ic

h
 

re
fe

rs
 t

o
 t

h
e
 w

a
y
 i
ts

 c
ry

st
a
ls

 b
u

rn
, 
m

e
lt

in
g
 i
n

to
 

a
 b

lo
o

d
-r

e
d

 l
iq

u
id

. 
In

 s
o

m
e
 r

e
li
g
io

n
s,

 b
ri

m
st

o
n
e
 

is
 t

h
o

u
g
h

t 
to

 b
e
 t

h
e
 f

u
e
l 
th

a
t 

b
u

rn
s 

in
 t

h
e
 

u
n

d
e
rw

o
rl

d
. 
P

ur
e 

su
lf

ur
 i
s 

e
x
tr

a
c
te

d
 f

ro
m

 

u
n

d
e
rg

ro
u
n

d
 d

e
p

o
si

ts
 u

si
n

g
 h

o
t 

w
a
te

r.
 T

h
e
 h

o
t 

liq
ui

d 
su

lf
ur

 i
s 

th
e
n

 p
u

m
p

e
d

 t
o

 t
h

e
 s

u
rf

a
c
e
. 
 

T
h

is
 e

le
m

e
n
t 

is
 a

 c
o

m
m

o
n
 i
n

g
re

d
ie

n
t 

in
 m

a
n
y
 

T
hi

s 
gr

ey
-b

lu
e  

cr
ys

ta
l c

on
ta

in
s  

a 
su

lfu
r c

om
po

un
d 

ca
lle

d 
st

ro
nt

iu
m

 su
lfa

te
.

 S
ul

fu
r

S1
6
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e:

 S
ol

id
D

is
co

ve
ry

: P
re

hi
st

or
ic

C
ut

 o
ni

on
s 

re
le

as
e 

su
lfu

r c
om

po
un

ds
 th

at
 

m
ak

e 
ou

r e
ye

s 
w

at
er

.

T
he

se
 y

el
lo

w
 s

ul
fu

r 
cr

ys
ta

ls
  

of
te

n 
at

ta
ch

 to
 v

ol
ca

ni
c 

m
ud

.
Fo

rm
s

Liquid sulfur

Mud 
volcanoH

yd
ro

ge
n 

su
lfi

de
 

bu
bb

le
s 

fo
rm

 in
 

vo
lc

an
ic

 m
ud

.

So
ft

, b
ri

tt
le

 g
ra

nu
le

s

Onions

Nat
ura

l 

su
lfu

r

Sk
un

k

Sk
un

ks
 re

le
as

e 
a  

fo
ul

 s
pr

ay
 th

at
  

co
nt

ai
ns

 th
re

e 
ki

nd
s 

of
 s

ul
fu

r 
co

m
po

un
ds

.

H
ot

 li
qu

id
 s

ul
fu

r 
is 

pu
m

pe
d 

up
 fr

om
 a

n 
un

de
rg

ro
un

d 
m

in
e.

of pure sulfur
Laboratory sample

C
el

es
ti

n
e
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m
in

er
al

s, 
su

ch
 a

s 
ce

le
st

in
e.

 M
an

y 
su

lfu
r 

co
m

po
un

ds
 s

m
el

l b
ad

. F
or

 e
xa

m
pl

e,
 th

e 
ro

tte
n-

eg
g 

sm
el

l o
f 

vo
lc

an
ic

 p
oo

ls
 is

 d
ue

 to
 h

yd
ro

ge
n 

su
lfi

de
 g

as
. O

th
er

 e
xa

m
pl

es
 in

cl
ud

e 
sk

un
k 

sp
ra

y, 
th

e  
ga

se
ou

s 
su

bs
ta

nc
e 

em
itt

ed
 b

y 
ch

op
pe

d 
on

io
n

s ,
 a

nd
 th

e 
od

ou
r 

of
 th

e 
ti

ta
n

 a
ru

m
 

flo
w

er
. T

he
re

 a
re

 m
an

y 
us

es
 fo

r 
th

is
 n

on
-m

et
al

. 
It

s 
co

m
po

un
ds

 c
an

 h
ar

de
n 

na
tu

ra
l r

ub
be

r 
fo

r 
us

e 
in

 t
yr

es
, p

re
se

rv
e 

dr
ie

d 
fr

ui
ts

, a
nd

 m
ak

e 
st

ro
ng

 b
at

te
ry

 a
ci

ds
. T

he
 e

le
m

en
t h

as
 a

nt
i-

ba
ct

er
ia

l p
ro

pe
rt

ie
s 

an
d 

is
 u

se
d 

in
 a

nt
ib

io
tic

 
m

ed
ic

in
e,

 s
uc

h 
as

 p
en

ic
ill

in
.

So
m

e 
an

tib
io

tic
s 

co
n

ta
in

 

su
lf

u
r 

co
m

p
o

u
n

d
s 

th
a

t 
ki

ll
 

h
a

rm
fu

l 
b

a
ct

er
ia

.

T
hi

s 
lim

es
to

ne
 

sc
ul

pt
ur

e 
h

a
s 

b
ee

n
 w

ea
th

er
ed

  

by
 a

ci
d

 r
a

in
.

Pe
n

ic
il

li
n

 p
il

ls

Lead acid 
battery

T
hi

s 
pl

an
t 

em
it

s 
a

 

ro
tt

in
g
 s

m
el

l  
to

 a
tt

ra
ct

 

m
ea

t-
ea

ti
n

g
 

in
se

ct
s.

So
m

e 
dr

ie
d 

fr
ui

ts
 a

re
 p

re
se

rv
ed

 u
si

n
g

 

p
o

w
d

er
 c

o
n

ta
in

in
g

 a
 s

u
lf

u
r 

co
m

p
o

u
n

d
.

U
se

s
W

he
n 

bu
rn

ed
, s

ul
fu

r 
in

 th
is

 
ca

nd
le

 d
ri

ve
s 

a
w

a
y 

p
es

ts
.

 
A

ci
d 

ra
in

 
de

st
ro

ys
 

fo
re

st
s 

by
  

re
m

ov
in

g 
nu

tr
ie

nt
s 

 
in

 th
e 

so
il 

an
d 

in
  

th
e 

le
av

es
.

C
re

am
s 

th
at

 c
on

ta
in

 
su

lfu
r 

co
m

po
un

ds
  

ca
n

 d
is

in
fe

ct
 s

ki
n

.

T
hi

s 
ba

tt
er

y 
co

n
ta

in
s 

 

st
ro

n
g
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u

lf
u

ri
c 

a
ci

d
.

Skin cream

Su
lf

u
r 

ca
n

d
le

V
ul

ca
ni

ze
d 

ru
bb

er
 –

 m
a

d
e  

b
y 

h
ea

ti
n

g
 s

u
lf

u
r 

w
it

h
 n

a
tu

ra
l 

ru
b

b
er

 –
 i

s 
w

ea
th

er
p

ro
o

f.

Titan arum

Su
lf

ur
 a

ci
d 

ra
in

 d
am

ag
e

Pr
es

er
ve

d
 d

ri
ed

 f
ru

its

Vulcanized tyre

Su
lfu

r d
io

xi
de

 g
as

 p
ro

du
ce

d 
by

 b
ur

ni
ng

 fu
el

 
di

ss
ol

ve
s 

in
 ra

in
 w

at
er

, m
ak

in
g 

a 
su

lfu
r a

ci
d.

  
T

hi
s 

fa
lls

 to
 th

e 
gr

ou
nd

 a
s 
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id

 ra
in

.
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