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A
vogadro constant 

N
A  

= 
6.02 × 10

23 m
ol –1

m
olar gas constant 

R
 

= 
8.31 J m

ol  –1 K
  –1

m
olar gas volum

e at 273 K
 and 1 atm

 
V

m  
= 

22.4 dm
3 m

ol  –1

m
olar gas volum

e at 298 K
 and 1 atm

 
V

m  
= 

24.5 dm
3 m

ol  –1

Planck constant 
h 

= 
6.63 × 10  –34 J s

speed of light 
c 

= 
3.00 × 10

8 m
 s  –1

density of w
ater 

d 
= 

1.00 g cm
  –3

specific heat capacity of w
ater 

c 
= 

4.18 J g  –1 K
  –1

ionic product of w
ater at 298 K

 
K

w  
= 

1.00 × 10  –14 m
ol 2 dm

 –6

fundam
ental electronic charge 

e 
= 

1.60 × 10  –19 C

tem
perature (K

) = tem
perature (°C

) + 273

1 dm
3 = 1000 cm

3

1 m
3 = 1000 dm

3

1 tonne = 1000 kg
1 atm

 = 1.01 × 10
5 Pa

M
ultiple

Prefix
Sym

bol

10 –9
nano

n

10 –6
m

icro
μ

10 –3
m

illi
m

M
ultiple

Prefix
Sym

bol

10 3
kilo

k

10 6
m

ega
M

10 9
giga

G



IN
FR

A
R

ED
 A

B
SO

R
PTIO

N
 VA

LU
ES

 
B

O
N

D
 

W
A

VEN
U

M
B

ER
 / cm

 –1

  500 to 600
  650 to 800
1000 to 1300
1620 to 1670
1650 to 1750
2100 to 2250
2800 to 3100
2500 to 3200 (very broad)
3200 to 3550 (broad)
3300 to 3500

C
B

r
C

C
l

C
O

C
     C

C
     O

C
     N

C
H

O
H

 (carboxylic acid)
O

H
 (alcohol / phenol)

N
H



13C
 N

M
R

 C
H

EM
IC

A
L SH

IFTS R
ELATIVE TO

 TM
S = 0

 
TYPE O

F C
A

R
B

O
N

 
C

H
EM

IC
A

L SH
IFT, δ (ppm

)

10 to 70

5 to 40

20 to 50

25 to 60

50 to 90

90 to 150

110 to 125

110 to 160

160 to 185

190 to 220

N
 

C
 

R

C
C

C
O

C
C

R
C

l
C

O C
R

C

O

(carboxylic acid / ester)
C

R

(aldehyde / ketone)

O C
R

N
R

C

or
B

r



1H
 N

M
R

 C
H

EM
IC

A
L SH

IFTS R
ELATIVE TO

 TM
S = 0

TYPE O
F PR

O
TO

N
 

C
H

EM
IC

A
L SH

IFT, δ (ppm
)

0.9

0.1 to 2.0

3.1 to 4.3

1.3

2.0

2.0 to 3.0

2.0 to 2.5

2.2 to 2.3

R
    C

H
3

R
    C

H
2      R

C
H

3      C
    N

C
H

3      C
OC
H

3

 H
C

   C
l  or  H

C
   B

r

   C
H

3

C
H

2      C
O

4.5   *

5.8 to 6.5

6.5 to 7.5

7.0  *

9.8  *

11.0  *

 R
   O

H

C
     C

H
    

C
O

C
     C

H

C
C

H

O
H

R
    C

OH

R
    C

OO
H

 H
C

   O
3.3 to 4.3

4.5 to 6.3

6.5 to 8.0
H

*variable figure dependent on concentration and solvent



THE PERIODIC TABLE

Group

   Lanthanoid
   elements

140
Ce

141
Pr

144
Nd

(147)
Pm

150
Sm

(153)
Eu

157
Gd

159
Tb

163
Dy

165
Ho

167
Er

169
Tm

173
Yb

175
Lu

    Actinoid
    elements

232
Th

(231)
Pa

238
U

(237)
Np

(242)
Pu

(243)
Am

(247)
Cm

(245)
Bk

(251)
Cf

(254)
Es

(253)
Fm

(256)
Md

(254)
No

(257)
Lr

f Block

1 1.01
H

4.00
He

2 6.94
Li

9.01
Be

10.8
B

12.0
C

14.0
N

16.0
O

19.0
F

20.2
Ne

3 23.0
Na

24.3
Mg

27.0
Al

28.1
Si

31.0
P

32.1
S

35.5
Cl

40.0
Ar

4 39.1
K

40.1
Ca

45.0
Sc

47.9
Ti

50.9
V

52.0
Cr

54.9
Mn

55.8
Fe

58.9
Co

58.7
Ni

63.5
Cu

65.4
Zn

69.7
Ga

72.6
Ge

74.9
As

79.0
Se

79.9
Br

83.8
Kr

5 85.5
Rb

87.6
Sr

88.9
Y

91.2
Zr

92.9
Nb

95.9
Mo

98.9
Tc

101
Ru

103
Rh

106
Pd

108
Ag

112
Cd

115
In

119
Sn

122
Sb

128
Te

127
I

131
Xe

6 133
Cs

137
Ba

139
La

179
Hf

181
Ta

184
W

186
Re

190
Os

192
Ir

195
Pt

197
Au

201
Hg

204
Tl

207
Pb

209
Bi

(210)
Po

(210)
At

(222)
Rn

7 (223)
Fr

(226)
Ra

(227)
Ac

d Block

s Block

p Block

Period

Key

Ar

Symbol

relative
atomic
mass

1 2 3 4 5 6 7 0



TH
E 

PE
R

IO
D

IC
 T

A
B

LE
 –

 K
EY

A
TO

M
IC

 N
U

M
B

ER
 –

 S
YM

B
O

L 
– 

N
A

M
E

1 
   

H
  -

  H
yd

ro
ge

n
38

  S
r 

 - 
 S

tr
on

tiu
m

75
   

 R
e 

 - 
 R

he
ni

um
2 

   
H

e 
 - 

 H
el

iu
m

39
  Y

  -
  Y

ttr
iu

m
76

   
 O

s 
 - 

 O
sm

iu
m

3 
   

Li
  -

  L
ith

iu
m

40
  Z

r 
 - 

 Z
irc

on
iu

m
77

   
 Ir

  -
  I

rid
iu

m
4 

   
B

e 
 - 

 B
er

yl
liu

m
41

  N
b 

 - 
 N

io
bi

um
78

   
 P

t  
-  

Pl
at

in
um

5 
   

B
  -

  B
or

on
42

  M
o 

 - 
 M

ol
yb

de
nu

m
79

   
 A

u 
 - 

 G
ol

d
6 

   
C

  -
  C

ar
bo

n
43

  T
c 

 - 
 T

ec
hn

et
iu

m
80

   
 H

g 
 - 

 M
er

cu
ry

7 
   

N
  -

  N
itr

og
en

44
  R

u 
 - 

 R
ut

he
ni

um
81

   
 T

l  
-  

Th
al

liu
m

8 
   

O
  -

  O
xy

ge
n

45
  R

h 
 - 

 R
ho

di
um

82
   

 P
b 

 - 
 L

ea
d

9 
   

F 
 - 

 F
lu

or
in

e
46

  P
d 

 - 
 P

al
la

di
um

83
   

 B
i  

-  
B

is
m

ut
h

10
  N

e 
 - 

 N
eo

n
47

  A
g 

 - 
 S

ilv
er

84
   

 P
o 

 - 
 P

ol
on

iu
m

11
  N

a 
 - 

 S
od

iu
m

48
  C

d 
 - 

 C
ad

m
iu

m
85

   
 A

t  
-  

A
st

at
in

e
12

  M
g 

 - 
 M

ag
ne

si
um

49
  I

n 
 - 

 I
nd

iu
m

86
   

 R
n 

 - 
 R

ad
on

13
  A

l  
-  

A
lu

m
in

iu
m

50
  S

n 
 - 

 T
in

87
   

 F
r 

 - 
 F

ra
nc

iu
m

14
  S

i  
-  

Si
lic

on
51

  S
b 

 - 
 A

nt
im

on
y

88
   

 R
a 

 - 
 R

ad
iu

m
15

  P
  -

  P
ho

sp
ho

ru
s

52
  T

e 
 - 

 T
el

lu
riu

m
89

   
 A

c 
 - 

 A
ct

in
iu

m
16

  S
  -

  S
ul

fu
r

53
  I

 - 
 I

od
in

e
90

   
 T

h 
 - 

 T
ho

riu
m

17
  C

l  
-  

C
hl

or
in

e
54

  X
e 

 - 
 X

en
on

91
   

 P
a 

 - 
 P

ro
ta

ct
in

iu
m

18
  A

r 
 - 

 A
rg

on
55

  C
s 

 - 
 C

ae
si

um
92

   
 U

  -
  U

ra
ni

um
19

  K
  -

  P
ot

as
si

um
56

  B
a 

 - 
 B

ar
iu

m
93

   
 N

p 
 - 

 N
ep

tu
ni

um
20

  C
a 

 - 
 C

al
ci

um
57

  L
a 

 - 
 L

an
th

an
um

94
   

 P
u 

 - 
 P

lu
to

ni
um

21
  S

c 
 - 

 S
ca

nd
iu

m
58

  C
e 

 - 
 C

er
iu

m
95

   
 A

m
  -

  A
m

er
ic

iu
m

22
  T

i  
-  

Ti
ta

ni
um

59
  P

r 
 - 

 P
ra

se
od

ym
iu

m
96

   
 C

m
  -

  C
ur

iu
m

23
  V

  -
  V

an
ad

iu
m

60
  N

d 
 - 

 N
eo

dy
m

iu
m

97
   

 B
k 

 - 
 B

er
ke

liu
m

24
  C

r 
 - 

 C
hr

om
iu

m
61

  P
m

  -
  P

ro
m

et
hi

um
98

   
 C

f  
-  

C
al

ifo
rn

iu
m

25
  M

n 
 - 

 M
an

ga
ne

se
62

  S
m

  -
  S

am
ar

iu
m

99
   

 E
s 

 - 
 E

in
st

ei
ni

um
26

  F
e 

 - 
 I

ro
n

63
  E

u 
 - 

 E
ur

op
iu

m
10

0 
 F

m
  -

  F
er

m
iu

m
27

  C
o 

 - 
 C

ob
al

t
64

  G
d 

 - 
 G

ad
ol

in
iu

m
10

1 
 M

d 
 - 

 M
en

de
le

vi
um

28
  N

i  
-  

N
ic

ke
l

65
  T

b 
 - 

 T
er

bi
um

10
2 

 N
o 

 - 
 N

ob
el

iu
m

29
  C

u 
 - 

 C
op

pe
r

66
  D

y 
 - 

 D
ys

pr
os

iu
m

10
3 

 L
r  

-  
La

w
re

nc
iu

m
30

  Z
n 

 - 
 Z

in
c

67
  H

o 
 - 

 H
ol

m
iu

m
31

  G
a 

 - 
 G

al
liu

m
68

  E
r 

 - 
 E

rb
iu

m
32

  G
e 

 - 
 G

er
m

an
iu

m
69

  T
m

  -
  T

hu
liu

m
33

  A
s 

 - 
 A

rs
en

ic
70

  Y
b 

 - 
 Y

tte
rb

iu
m

34
  S

e 
 - 

 S
el

en
iu

m
71

  L
u 

 - 
 L

ut
et

iu
m

35
  B

r 
 - 

 B
ro

m
in

e
72

  H
f  

-  
H

af
ni

um
36

  K
r 

 - 
 K

ry
pt

on
73

  T
a 

 - 
 T

an
ta

lu
m

37
  R

b 
 - 

 R
ub

id
iu

m
74

  W
  -

  T
un

gs
te

n


