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Introduction
This Diploma Programme (DP) Chemistry data booklet accompanies the DP Chemistry guide and 
DP Chemistry teacher support material. It contains chemical and physical equations and constants, 
chemical symbols, the periodic table, and other chemical data relevant to the course.

Students must have access to a copy of this booklet for the duration of the course, so that they 
can become familiar with its contents. Direct reference is made to relevant equations in the 
“Understandings” sections of the guide. This helps to maintain the emphasis on interpretation and 
application rather than memorization of symbols, constants and equations.

Each student must have access to a clean copy of the Chemistry data booklet during examinations. 
It is the responsibility of the school to download a copy of this booklet from IBIS or the Programme 
Resource Centre and to ensure that there are sufficient copies available for all students.
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1. Some relevant equations
Equation

c � �f

E h= f

n m
M
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n CV��

PV nRT=
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2 2
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�100
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Ö
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Ö
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∆HÖ = ∑(∆Hc
Ö

reactants) − ∑(∆Hc
Ö

products)

∆GÖ = ∆HÖ − T∆SÖ

∆G = ∆GÖ + RT ln Q
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E
RTe

a
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pH = −log10 [H3O+]
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pH = −log10 [H+]

Kw = [H+] [OH−]

pOH = −log10 [OH−]
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2. Physical constants
Quantity Symbol Approximate value

Elementary charge e 1.602177 × 10−19 C

Electron rest mass me 9.109384 × 10−31 kg

Proton rest mass mp 1.672622 × 10−27 kg

Neutron rest mass mn 1.674927 × 10−27 kg

Speed of light in vacuum c 3.00 × 108 m s−1

Planck constant h 6.63 × 10−34 J s

Avogadro constant NA 6.02 × 1023 mol−1

Gas constant R 8.31 J K−1 mol−1

Molar volume of an ideal gas 
at STP

Vm 2.27 × 10−2 m3 mol−1 = 22.7 dm3 mol−1

Specific heat capacity of water cw 4.18 kJ kg−1 K−1 = 4.18 J g−1 K−1

Ionic product constant for 
water at 298.15 K

Kw 1.00 × 10−14 mol2 dm−6

Faraday constant F 9.65 × 104 C mol−1
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3. Metric (SI) multipliers
Prefix Abbreviation Value
peta P 	 1015

tera T 	 1012

giga G 	 109

mega M 	 106

kilo k 	 103

hecto h 	 102

deca da 	 101

deci d 	 10−1

centi c 	 10−2

milli m 	 10−3

micro μ 	 10−6

nano n 	 10−9

pico p 	 10−12

femto f 	 10−15
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4. Unit conversions and standard conditions
Temperature (K) = temperature (°C) + 273.15 

1 dm3 = 1 litre = 1 × 10−3 m3 = 1 × 103 cm3

STP conditions: 273.15 K and 100 kPa

SATP conditions: 298.15 K and 100 kPa

5. The electromagnetic spectrum
 

increasing energy

	 	 	 	 	 	 	 	 	 	 	 	
10 16− 	 10−14	 10 12− 	 10 10− 	 10 8− 	 10 6− 	 10 4− 	 10 2− 	 100	 102	 104	 106	 108  wavelength / m

-rays X-rays UV IR microwaves radio waves

V  I  B  G  Y  O  R

wavelength / nm
400	 700

Chemistry data booklet 5



 

6.
 N

am
es

 o
f t

he
 e

le
m

en
ts

El
em

en
t

Sy
m

bo
l

A
to

m
ic

 n
um

be
r

El
em

en
t

Sy
m

bo
l

A
to

m
ic

 n
um

be
r

ac
tin

iu
m

Ac
89

dy
sp

ro
si

um
D

y
66

al
um

in
iu

m
Al

13
ei

ns
te

in
iu

m
Es

99
am

er
ic

iu
m

A
m

95
er

bi
um

Er
68

an
tim

on
y

Sb
51

eu
ro

pi
um

Eu
63

ar
go

n
A

r
18

fe
rm

iu
m

Fm
10

0
ar

se
ni

c
As

33
fle

ro
vi

um
Fl

11
4

as
ta

tin
e

At
85

flu
or

in
e

F
9

ba
riu

m
Ba

56
fra

nc
iu

m
Fr

87
be

rk
el

iu
m

Bk
97

ga
do

lin
iu

m
G

d
64

be
ry

lliu
m

Be
4

ga
lliu

m
G

a
31

bi
sm

ut
h

Bi
83

ge
rm

an
iu

m
G

e
32

bo
hr

iu
m

Bh
10

7
go

ld
Au

79
bo

ro
n

B
5

ha
fn

iu
m

H
f

72
br

om
in

e
Br

35
ha

ss
iu

m
H

s
10

8
ca

dm
iu

m
C

d
48

he
liu

m
H

e
2

ca
es

iu
m

C
s

55
ho

lm
iu

m
H

o
67

ca
lc

iu
m

C
a

20
hy

dr
og

en
H

1
ca

lif
or

ni
um

C
f

98
in

di
um

In
49

ca
rb

on
C

6
io

di
ne

I
53

ce
riu

m
C

e
58

iri
di

um
Ir

77
ch

lo
rin

e
C

l
17

iro
n

Fe
26

ch
ro

m
iu

m
C

r
24

kr
yp

to
n

K
r

36
co

ba
lt

C
o

27
la

nt
ha

nu
m

La
57

co
pe

rn
ic

iu
m

C
n

11
2

la
w

re
nc

iu
m

Lr
10

3
co

pp
er

C
u

29
le

ad
Pb

82
cu

riu
m

C
m

96
lit

hi
um

Li
3

da
rm

st
ad

tiu
m

D
s

11
0

liv
er

m
or

iu
m

Lv
11

6
du

bn
iu

m
D

b
10

5
lu

te
tiu

m
Lu

71

Chemistry data booklet6



 

El
em

en
t

Sy
m

bo
l

A
to

m
ic

 n
um

be
r

El
em

en
t

Sy
m

bo
l

A
to

m
ic

 n
um

be
r

m
ag

ne
si

um
M

g
12

ro
en

tg
en

iu
m

R
g

11
1

m
an

ga
ne

se
M

n
25

ru
bi

di
um

R
b

37
m

ei
tn

er
iu

m
M

t
10

9
ru

th
en

iu
m

R
u

44
m

en
de

le
vi

um
M

d
10

1
ru

th
er

fo
rd

iu
m

R
f

10
4

m
er

cu
ry

H
g

80
sa

m
ar

iu
m

Sm
62

m
ol

yb
de

nu
m

M
o

42
sc

an
di

um
Sc

21
m

os
co

vi
um

M
c

11
5

se
ab

or
gi

um
Sg

10
6

ne
od

ym
iu

m
N

d
60

se
le

ni
um

Se
34

ne
on

N
e

10
si

lic
on

Si
14

ne
pt

un
iu

m
N

p
93

si
lv

er
Ag

47
ni

ck
el

N
i

28
so

di
um

N
a

11
ni

ho
ni

um
N

h
11

3
st

ro
nt

iu
m

Sr
38

ni
ob

iu
m

N
b

41
su

lfu
r

S
16

ni
tro

ge
n

N
7

ta
nt

al
um

Ta
73

no
be

liu
m

N
o

10
2

te
ch

ne
tiu

m
Tc

43
og

an
es

so
n

O
g

11
8

te
llu

riu
m

Te
52

os
m

iu
m

O
s

76
te

nn
es

si
ne

Ts
11

7
ox

yg
en

O
8

te
rb

iu
m

Tb
65

pa
lla

di
um

Pd
46

th
al

liu
m

Tl
81

ph
os

ph
or

us
P

15
th

or
iu

m
Th

90
pl

at
in

um
P

t
78

th
ul

iu
m

Tm
69

pl
ut

on
iu

m
Pu

94
tin

Sn
50

po
lo

ni
um

Po
84

tit
an

iu
m

Ti
22

po
ta

ss
iu

m
K

19
tu

ng
st

en
W

74
pr

as
eo

dy
m

iu
m

Pr
59

ur
an

iu
m

U
92

pr
om

et
hi

um
Pm

61
va

na
di

um
V

23
pr

ot
ac

tin
iu

m
Pa

91
xe

no
n

Xe
54

ra
di

um
R

a
88

yt
te

rb
iu

m
Y

b
70

ra
do

n
R

n
86

yt
tri

um
Y

39
rh

en
iu

m
R

e
75

zi
nc

Zn
30

rh
od

iu
m

R
h

45
zi

rc
on

iu
m

Zr
40

Chemistry data booklet 7



 

7.
 T

he
 p

er
io

di
c 

ta
bl

e
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18

1
1 H

At
om

ic
 n

um
be

r
2 H
e

1.
01

El
em

en
t

4.
00

2
3 Li

4 B
e

R
el

at
iv

e 
at

om
ic

 
m

as
s

5 B
6 C

7 N
8 O

9 F
10 N
e

6.
94

9.
01

10
.8

1
12

.0
1

14
.0

1
16

.0
0

19
.0

0
20

.1
8

3
11 N
a

12 M
g

13 A
ll

14 Si
15 P

16 S
17 C

ll
18 A

r
22

.9
9

24
.3

1
26

.9
8

28
.0

9
30

.9
7

32
.0

7
35

.4
5

39
.9

5

4
19 K

20 C
a

21 Sc
22 Ti

23 V
24 C

r
25 M

n
26 Fe

27 C
o

28 N
i

29 C
u

30 Zn
31 G

a
32 G

e
33 A
s

34 Se
35 B

r
36 K

r
39

.1
0

40
.0

8
44

.9
6

47
.8

7
50

.9
4

52
.0

0
54

.9
4

55
.8

5
58

.9
3

58
.6

9
63

.5
5

65
.3

8
69

.7
2

72
.6

3
74

.9
2

78
.9

6
79

.9
0

83
.8

0

5
37 R
b

38 Sr
39 Y

40 Zr
41 N
b

42 M
o

43 Tc
44 R
u

45 R
h

46 Pd
47 A
g

48 C
d

49 In
50 Sn

51 Sb
52 Te

53 I
54 Xe

85
.4

7
87

.6
2

88
.9

1
91

.2
2

92
.9

1
95

.9
6

(9
8)

10
1.

07
10

2.
91

10
6.

42
10

7.
87

11
2.

41
11

4.
82

11
8.

71
12

1.
76

12
7.

60
12

6.
90

13
1.

29

6
55 C
s

56 B
a

57 La
 †

72 H
f

73 Ta
74 W

75 R
e

76 O
s

77 Ir
78 Pt

79 A
u

80 H
g

81 Tll
82 Pb

83 B
i

84 Po
85 A

t
86 R
n

13
2.

91
13

7.
33

13
8.

91
17

8.
49

18
0.

95
18

3.
84

18
6.

21
19

0.
23

19
2.

22
19

5.
08

19
6.

97
20

0.
59

20
4.

38
20

7.
20

20
8.

98
(2

09
)

(2
10

)
(2

22
)

7
87 Fr

88 R
a

89 A
c 

‡
10

4
R

f
10

5
D

b
10

6
Sg

10
7

B
h

10
8

H
s

10
9

M
t

11
0

D
s

11
1

R
g

11
2

C
n

11
3

N
h

11
4 Fll

11
5

M
c

11
6

Lv
11

7
Ts

11
8

O
g

(2
23

)
(2

26
)

(2
27

)
(2

67
)

(2
68

)
(2

69
)

(2
70

)
(2

69
)

(2
78

)
(2

81
)

(2
81

)
(2

85
)

(2
86

)
(2

89
)

(2
88

)
(2

93
)

(2
94

)
(2

94
)

†
58 C
e

59 Pr
60 N
d

61 Pm
62 Sm

63 Eu
64 G
d

65 Tb
66 D
y

67 H
o

68 Er
69 Tm

70 Yb
71 Lu

14
0.

12
14

0.
91

14
4.

24
(1

45
)

15
0.

36
15

1.
96

15
7.

25
15

8.
93

16
2.

50
16

4.
93

16
7.

26
16

8.
93

17
3.

05
17

4.
97

‡
90 Th

91 Pa
92 U

93 N
p

94 Pu
95 A
m

96 C
m

97 B
k

98 C
f

99 Es
10

0
Fm

10
1

M
d

10
2

N
o

10
3

Lr
23

2.
04

23
1.

04
23

8.
03

(2
37

)
(2

44
)

(2
43

)
(2

47
)

(2
47

)
(2

51
)

(2
52

)
(2

57
)

(2
58

)
(2

59
)

(2
62

)

Chemistry data booklet8



 

8.
 M

el
tin

g 
po

in
ts

 a
nd

 b
oi

lin
g 

po
in

ts
 o

f t
he

 e
le

m
en

ts
 a

t 1
01

.3
25

 k
Pa

−2
59

.2
H

M
el

tin
g 

po
in

t /
 °C

H
e

−2
52

.9
El

em
en

t
−2

68
.9

18
0.

5
Li

12
87 B
e

Bo
ilin

g 
po

in
t /

 °C

20
77 B

35
00 C

−2
10

.0
N

−2
18

.8
O

−2
19

.7
F

−2
48

.6
N

e
13

42
24

68
40

00
48

27
−1

95
.8

−1
83

.0
−1

88
.1

−2
46

.0

97
.7

9
N

a
65

0.
0

M
g

66
0.

3
A

ll
14

14 Si
44

.1
5

P
11

5.
2

S
−1

01
.5

C
ll

−1
89

.3
A

r
88

2.
9

10
90

25
19

32
65

28
0.

5
44

4.
6

−3
4.

04
−1

85
.8

63
.3

8
K

84
2.

0
C

a
15

41 Sc
16

70 Ti
19

10 V
19

07 C
r

12
46

M
n

15
38 Fe

14
95 C
o

14
55 N
i

10
85 C
u

41
9.

5
Zn

29
.7

7
G

a
93

8.
2

G
e

81
6.

8
A

s
22

0.
8

Se
−7

.0
50

B
r

−1
57

.4
K

r
75

8.
8

14
84

28
36

32
87

34
07

26
71

20
61

28
61

29
27

29
13

25
60

90
7.

0
22

29
28

33
61

3.
0

68
4.

8
58

.7
8

−1
53

.4

39
.3

0
R

b
76

8.
8

Sr
15

22 Y
18

54 Zr
24

77 N
b

26
22

M
o

21
57 Tc

23
33 R
u

19
63 R
h

15
55 Pd

96
1.

8
A

g
32

1.
1

C
d

15
6.

6
In

23
1.

9
Sn

63
0.

6
Sb

44
9.

5
Te

11
3.

7
I

−1
11

.8
Xe

68
7.

8
13

77
33

45
44

06
47

41
46

39
42

62
41

47
36

95
29

63
21

62
76

6.
8

20
27

25
86

15
87

98
7.

8
18

4.
4

−1
08

.1

28
.4

4
C

s
72

5.
0

B
a

92
0.

0
La

 †
22

33 H
f

30
17 Ta

34
14 W

34
53 R
e

30
33 O
s

24
46 Ir

17
68 Pt

10
64 A
u

−3
8.

83
H

g
30

3.
8

Tll
32

7.
5

Pb
27

1.
4

B
i

25
3.

8
Po

30
1.

8
A

t
−7

1.
15

R
n

67
0.

8
18

45
34

64
46

00
54

55
55

55
59

00
50

08
44

28
38

25
28

36
35

6.
6

14
73

17
49

15
64

96
2.

0
33

6.
8

−6
1.

85

27
.0

0
Fr

69
9.

8
R

a
10

50
A

c 
‡

67
6.

8
11

40
32

00 †
79

5
C

e
93

5
Pr

10
24 N
d

10
42

Pm
10

72
Sm

82
6

Eu
13

13 G
d

13
60 Tb

14
10 D
y

14
72 H
o

15
29 Er

15
45

Tm
82

4
Yb

16
63 Lu

34
33

35
10

30
74

(2
73

0)
17

91
15

96
32

73
32

30
25

67
26

94
29

00
19

50
11

94
34

02

‡
17

50 Th
15

72 Pa
11

35 U
63

7
N

p
64

0
Pu

11
76

A
m

13
40

C
m

98
6

B
k

90
0

C
f

(8
60

)
Es

Fm
82

7
M

d
N

o
Lr

47
88

(4
00

0)
38

18
(3

90
0)

32
30

(2
06

7)
31

10
(2

62
3)

Chemistry data booklet 9



 

9.
 F

irs
t i

on
iz

at
io

n 
en

er
gy

, e
le

ct
ro

n 
af

fin
ity

 a
nd

 e
le

ct
ro

ne
ga

tiv
ity

 o
f t

he
 e

le
m

en
ts

13
12

−7
3

Fi
rs

t i
on

iz
at

io
n 

en
er

gy
 / 

kJ
 m

ol
−1

El
ec

tro
n 

affi
ni

ty
 (E

A)
 / 

kJ
 m

ol
−1

  
(2

nd
 E

A 
/ k

J 
m

ol
−1

)
23

72
   H
e

H 2.
2

52
0

−6
0

90
0

El
em

en
t

80
1

−2
7

10
86

−1
22

14
02

13
14

−1
41

16
81

−3
28

20
81

( +
75

3)
B

C
N

O
F

N
e

Li
B

e
El

ec
tro

ne
ga

tiv
ity

1.
0

1.
6

2.
0

2.
6

3.
0

3.
4

4.
0

49
6

−5
3

73
8

57
8

−4
2

78
7

−1
34

10
12

−7
2

10
00

−2
00

12
51

−3
49

15
20

( +
54

5)
N

a
M

g
A

ll
Si

P
S

C
ll

A
r

0.
9

1.
3

1.
6

1.
9

2.
2

2.
6

3.
2

41
9

−4
8

59
0

−2
63

3
−1

8
65

9
−8

65
1

−5
1

65
3

−6
4

71
7

76
2

−1
5

76
0

−6
4

73
7

−1
12

74
5

−1
19

90
6

57
9

−4
1

76
2

−1
19

94
4

−7
8

94
1

−1
95

11
40

−3
25

13
51

K
C

a
Sc

Ti
V

C
r

M
n

Fe
C

o
N

i
C

u
Zn

G
a

G
e

A
s

Se
B

r
K

r
0.

8
1.

0
1.

4
1.

5
1.

6
1.

7
1.

6
1.

8
1.

9
1.

9
1.

9
1.

6
1.

8
2.

0
2.

2
2.

6
3.

0
40

3
−4

7
54

9
−5

60
0

−3
0

64
0

−4
1

65
2

−8
8

68
4

−7
2

70
2

−5
3

71
0

−1
01

  7
20

−1
10

80
4

−5
4  

73
1

−1
26

86
8

55
8

−2
9

70
9

−1
07

83
1

−1
01

86
9

−1
90

10
08

−2
95

11
70

R
b

Sr
Y

Zr
N

b
M

o
Tc

R
u

R
h

Pd
A

g
C

d
In

Sn
Sb

Te
I

Xe
0.

8
1.

0
1.

2
1.

3
1.

6
2.

2
2.

1
2.

2
2.

3
2.

2
1.

9
1.

7
1.

8
2.

0
2.

0
2.

1
2.

7
37

6
−4

6
50

3
−1

4
53

8
−4

5 
65

9
−1

72
8

−3
1

75
9

−7
9

75
6

−1
4

81
4

−1
06

   8
65

−1
51

86
4

−2
05

     8
90

−2
23

 1
00

7 
58

9
−3

6
71

6
−3

5
70

3
−9

1
81

2
−1

83
−2

70
10

37
  

C
s

B
a

La
 †

H
f

Ta
W

R
e

O
s

Ir
Pt

A
u

H
g

Tll
Pb

B
i

Po
A

t
R

n
0.

8
0.

9
1.

1
1.

3
1.

5
1.

7
1.

9
2.

2
2.

2
2.

2
2.

4
1.

9
1.

8
1.

8
1.

9
2.

0
2.

2
39

3
−4

7
50

9
−1

0
49

9
−3

4

Fr
R

a
A

c 
‡

0.
7

0.
9

1.
1

†
53

4
−6

3
52

8
−9

3
53

3
−1

85
53

9
54

5
  

54
7

−8
3

59
3

  
56

6
−1

12
57

3
<  

0
58

1
58

9
59

7
−9

9
60

3
2

52
4

−3
3

C
e

Pr
N

d
Pm

Sm
Eu

G
d

Tb
D

y
H

o
Er

Tm
Yb

Lu
1.

1
1.

1
1.

1
1.

2
1.

2
1.

2
1.

2
1.

2
1.

3
1.

0

‡
60

9
56

8
59

8
60

5
58

1
   

57
6

57
8

   
  

59
8

 
60

6 
61

9
62

7
63

5
64

2
47

3

Th
Pa

U
N

p
Pu

A
m

C
m

B
k

C
f

EsEs
Fm

M
d

N
o

Lr
1.

3
1.

5
1.

7
1.

3
1.

3

Chemistry data booklet10



 

10
. A

to
m

ic
 a

nd
 io

ni
c 

ra
di

i o
f t

he
 e

le
m

en
ts

Th
e 

va
lu

es
 fo

r a
to

m
ic

 ra
di

i u
se

d 
in

 th
is

 ta
bl

e 
ar

e 
th

e 
co

va
le

nt
 ra

di
i o

f t
he

 e
le

m
en

ts
.

32 H
At

om
ic

 ra
di

us
 / 

 
10

−1
2  m

37 H
e

 
El

em
en

t
13

0 Li
99 B
e

84 B
75 C

71 N
64 O

60 F
62 N
e

Io
ni

c 
ra

di
us

 / 
 

10
−1

2  m
 (c

ha
rg

e)
27

 (3
+)

16
 (4

+)
14

6 
(3

−)
14

0 
(2

−)
13

3 
(1

−)
76

 (1
+)

45
 (2

+)
 

16
0

N
a

14
0

M
g

12
4

A
ll

11
4 Si

10
9 P

10
4 S

10
0

C
ll

10
1

A
r

10
2 

(1
+)

72
 (2

+)
 

54
 (3

+)
40

 (4
+)

38
 (5

+)
18

4 
(2

−)
18

1 
(1

−)

20
0 K

17
4

C
a

15
9

Sc
14

8 Ti
14

4 V
13

0
C

r
12

9
M

n
12

4
Fe

11
8

C
o

11
7

N
i

12
2

C
u

12
0

Zn
12

3
G

a
12

0
G

e
12

0
A

s
11

8
Se

11
7

B
r

11
6

K
r

13
8 

(1
+)

10
0 

(2
+)

75
 (3

+)
86

 (2
+)

  
61

 (4
+)

79
 (2

+)
  

54
 (5

+)
62

 (3
+)

  
44

 (6
+)

83
 (2

+)
  

53
 (4

+)
61

 (2
+)

  
55

 (3
+)

65
 (2

+)
  

55
 (3

+)
69

 (2
+)

77
 (1

+)
  

73
 (2

+)
74

 (2
+)

62
 (3

+)
53

 (4
+)

  
27

2 
(4

−)
58

 (3
+)

  
46

 (5
+)

19
8 

(2
−)

19
6 

(1
−)

21
5

R
b

19
0

Sr
17

6 Y
16

4
Zr

15
6

N
b

14
6

M
o

13
8

Tc
13

6
R

u
13

4
R

h
13

0
Pd

13
6

A
g

14
0

C
d

14
2

In
14

0
Sn

14
0

Sb
13

7
Te

13
6 I

13
6

Xe
15

2 
(1

+)
11

8 
(2

+)
90

 (3
+)

72
 (4

+)
72

 (3
+)

  
64

 (5
+)

65
 (4

+)
65

 (4
+)

68
 (3

+)
  

62
 (4

+)
67

 (3
+)

  
60

 (4
+)

86
 (2

+)
  

62
 (4

+)
11

5 
(1

+)
95

 (2
+)

80
 (+

3)
11

8 
(2

+)
  

69
 (4

+)
76

 (3
+)

22
1 

(2
−)

22
0 

(1
−)

23
8

C
s

20
6

B
a

19
4

La
 †

16
4

H
f

15
8

Ta
15

0 W
14

1
R

e
13

6
O

s
13

2 Ir
13

0
Pt

13
0

A
u

13
2

H
g

14
4 Tll

14
5

Pb
15

0
B

i
14

2
Po

14
8

A
t

14
6

R
n

16
7 

(1
+)

13
5 

(2
+)

10
3 

(3
+)

71
 (4

+)
64

 (5
+)

66
 (4

+)
  

60
 (6

+)
63

 (4
+)

  
53

 (7
+)

63
 (4

+)
  

55
 (6

+)
68

 (3
+)

  
63

 (4
+)

80
 (2

+)
  

63
 (4

+)
13

7 
(1

+)
  

85
 (3

+)
11

9 
(1

+)
  

10
2 

(2
+)

15
0 

(1
+)

  
89

 (3
+)

11
9 

(2
+)

  
78

 (4
+)

 
10

3 
(3

+)
  

76
 (5

+)
97

 (4
+)

24
2

Fr
21

1
R

a
20

1
A

c 
‡

 

†
18

4
C

e
19

0
Pr

18
8

N
d

18
6

Pm
18

5
Sm

18
3

Eu
18

2
G

d
18

1
Tb

18
0

D
y

17
9

H
o

17
7

Er
17

7
Tm

17
8

Yb
17

4
Lu

10
1 

(3
+)

  
87

 (4
+)

99
 (3

+)
  

85
 (4

+)
98

 (3
+)

97
 (3

+)
96

 (3
+)

11
7 

(2
+)

  
95

 (3
+)

94
 (3

+)
92

 (3
+)

  
76

 (4
+)

91
 (3

+)
90

 (+
3)

89
 (3

+)
88

 (3
+)

87
 (3

+)
86

 (3
+)

‡
19

0
Th

18
4

Pa
18

3 U
18

0
N

p
18

0
Pu

17
3

A
m

16
8

C
m

16
8

B
k

16
8

C
f

16
5

Es
16

7
Fm

17
3

M
d

17
6

N
o

16
1

Lr
94

 (4
+)

10
4 

(3
+)

  
90

 (4
+)

89
 (4

+)
  

73
 (6

+)
10

1 
(3

+)
  

87
 (4

+)
10

0 
(3

+)
  

86
 (4

+)
98

 (3
+)

  
85

 (4
+)

97
 (3

+)
96

 (3
+)

95
 (3

+)
11

0 
(2

+)

Chemistry data booklet 11



 

11. Covalent or average covalent bond lengths
Single bonds

Bond Length / 
10−12 m

Bond Length / 
10−12 m

Bond Length / 
10−12 m

Bond Length / 
10−12 m

H ― H 74 N ― H 101 Si ― H 148 S ― H 134
H ― F 92 N ― N 146 Si ― Si 232 S ― S 205
H ― Cl 128 N ― O 136 Si ― S 215 S ― F 158
H ― Br 141 N ― Si 174 Si ― F 156 S ― Cl 199

H ― I 160 N ― S 175 Si ― Cl 202 S ― Br 227
N ― F 136 Si ― Br 216

C ― H 108 N ― Cl 197 Si ― I 243 F ― F 142
C ― C 154 N ― Br 214 F ― Cl 163
C ― N 147 P ― H 142 F ― Br 176
C ― O 143 O ― H 97 P ― P 221 F ― I 191
C ― Si 185 O ― O 148 P ― S 210
C ― P 184 O ― Si 163 P ― F 154 Cl ― Cl 199
C ― S 182 O ― P 154 P ― Cl 203 Cl ― Br 214
C ― F 138 O ― S 161 P ― Br 220 Cl ― I 232
C ― Cl 177 O ― F 142 P ― I 247
C ― Br 194 O ― Cl 170 Br ― Br 228
C ― I 214 Br ― I 247

I ― I 267

Multiple bonds

Bond Length / 
10−12 m

Bond Length / 
10−12 m

Bond Length / 
10−12 m

C || C 134 N || N 125 O || O 121

C || N 130 N || O 114 O || S 143

C || O 122

C || S 156 S || S 189

C ~~ C 120 N ~~ N 110

C ~~ N 116

C ~~ O 113

Chemistry data booklet12



 

12. Bond enthalpies or average bond enthalpies 
at 298.15 K

Single bonds

Bond Enthalpy / 
kJ mol−1

Bond Enthalpy / 
kJ mol−1

Bond Enthalpy / 
kJ mol−1

Bond Enthalpy / 
kJ mol−1

H ― H 436 N ― H 391 Si ― H 323 S ― H 364
H ― F 567 N ― N 158 Si ― Si 226 S ― S 266
H ― Cl 431 N ― O 214 Si ― S 293 S ― F 327
H ― Br 366 N ― F 278 Si ― F 597 S ― Cl 271
H ― I 298 N ― Cl 192 Si ― Cl 400 S ― Br 218

Si ― Br 330
C ― H 414 O ― H 463 Si ― I 234 F ― F 159
C ― C 346 O ― O 144 F ― Cl 255
C ― N 286 O ― Si 466 P ― H 322 F ― Br 249
C ― O 358 O ― P 363 P ― P 198 F ― I 280
C ― Si 307 O ― F 191 P ― F 490
C ― P 264 O ― Cl 206 P ― Cl 322 Cl ― Cl 242
C ― S 289 O ― Br 201 P ― Br 264 Cl ― Br 219
C ― F 492 O ― I 201 P ― I 184 Cl ― I 211
C ― Cl 324
C ― Br 285 Br ― Br 193
C ― I 228 Br ― I 178

I ― I 151

Multiple bonds

Bond Enthalpy / 
kJ mol−1

Bond Enthalpy / 
kJ mol−1

Bond Enthalpy / 
kJ mol−1

C || C 614 N || N 470 O || O 498

C || N 615 N || O 587 O || S 522

C || O 804

C || S 536 S || S 429

C ~~ C 839 N ~~ N 945

C ~~ N 890

C ~~ O 1077
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13. Thermodynamic data (selected compounds)
Substance Formula State ∆Hf

ÖÖ / kJ mol−1 ∆Gf
ÖÖ / kJ mol−1 SÖÖ / J K−1 mol−1

methane CH4 g −74 −50 +186
ethane C2H6 g −84 −32 +230
propane C3H8 g −105 −24 +270
butane C4H10 g −126 −17 +310
pentane C5H12 l −173
hexane C6H14 l −199
ethene C2H4 g +52 +68 +220
propene C3H6 g +20 +62 +267
but-1-ene C4H8 g +0.1 +71 +306
cis-but-2-ene C4H8 g −7 +66 +301
trans-but-2-ene C4H8 g −11 +63 +297
ethyne C2H2 g +228 +211 +201
propyne C3H4 g +185 +194 +248
buta-1,3-diene C4H6 g +110 +151 +279
cyclohexane C6H12 l −156
benzene C6H6 l +49 +125 +173
methylbenzene C6H5CH3 l +12
ethylbenzene C6H5CH2CH3 l −12
phenylethene C6H5CHCH2 l +104
chloromethane CH3Cl g −82 −58 +235
dichloromethane CH2Cl2 l −124 +178
trichloromethane CHCl3 l −134 −74 +202
bromomethane CH3Br g −36 −26 +246
iodomethane CH3I l −14 +163
chloroethane C2H5Cl g −137 −53
bromoethane C2H5Br l −90 −26 +199
chlorobenzene C6H5Cl l +11
methanol CH3OH l −239 −167 +127
ethanol C2H5OH l −278 −175 +161
phenol C6H5OH s −165 +144
methanal HCHO g −109 −102 +219
ethanal CH3CHO g −166 −133 +264
propanone (CH3)2CO l −248 +200
methanoic acid HCOOH l −425 −361 +129
ethanoic acid CH3COOH l −484 −390 +160
benzoic acid C6H5COOH s −385 +168
methylamine CH3NH2 g −23 +32 +243
water H2O l −286 −237 +70
steam H2O g −242 −229 +189
carbon monoxide CO g −111 −137 +198
carbon dioxide CO2 g −394 −394 +214
hydrogen bromide HBr g −36 −53 +199
hydrogen chloride HCl g −92 −95 +187
hydrogen fluoride HF g −273 −275 +174
hydrogen iodide HI g +26 +2 +207
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15. Colour wheel with wavelengths of the visible 
spectrum

Orange

Yellow

Green

Blue

Violet

Red

700 nm

400 nm

647 nm 585 nm

575 nm

491 nm424 nm
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16. Lattice enthalpies at 298.15 K (experimental 
values)

The lattice enthalpy values (∆HÖÖ
latticelattice) in the following tables relate to the endothermic process 

M X (s) M X(g) (g)a b
b aa b  in which the gaseous ions of a crystal are separated to an infinite 

distance from each other.

The data in these tables are experimental values obtained by means of a suitable Born–Haber cycle.

Alkali metal halides
∆∆HÖÖ

latticelattice / kJ mol / kJ mol−11

F Cl Br I
Li 1049 864 820 764
Na 930 790 754 705
K 829 720 691 650

Rb 795 695 668 632
Cs 759 670 647 613

Other substances ∆∆HÖÖ
latticelattice / kJ mol / kJ mol−11 Other substances ∆∆HÖÖ

latticelattice / kJ mol / kJ mol−11

CaF2 2651 SrO 3223
BeCl2 3033 BaO 3054
MgCl2 2540 CuCl2 2824
CaCl2 2271 AgF 974
SrCl2 2170 AgCl 918
BaCl2 2069 AgBr 905
MgO 3791 AgI 892
CaO 3401
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17. Triangular bonding diagram  
(van Arkel–Ketelaar triangle)

Electronegativity difference:
a b

%  
covalent

%  
ionic
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0.5
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Ionic
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CovalentMetallic
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75

100
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75

50

25

0

0.79	 1.0	 1.5	 2.0	 2.5	 3.0	 3.5	 4.0

Average electronegativity:  
 a b

2
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18. Acid–base indicators
Colour change

Indicator pKa pH range Acid Alkali
methyl orange 3.7 3.1–4.4 red yellow
bromophenol blue 4.2 3.0–4.6 yellow blue
bromocresol green 4.7 4.0–5.6 yellow blue
methyl red 5.1 4.4–6.2 red yellow
bromothymol blue 7.0 6.0–7.6 yellow blue
phenol red 7.9 6.4–8.0 yellow red
phenolphthalein 9.6 8.0–10.0 colourless pink
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19. Standard reduction potentials at 298.15 K
Oxidized species Reduced species EÖÖ / V

Li+(aq) + e−
 Li(s) −3.04

K+(aq) + e−
 K(s) −2.93

Ca2+(aq) + 2e−
 Ca(s) −2.87

Na+(aq) + e−
 Na(s) −2.71

Mg2+(aq) + 2e−
 Mg(s) −2.37

Al3+(aq) + 3e−
 Al(s) −1.66

Mn2+(aq) + 2e−
 Mn(s) −1.18

H2O(l) + e−


1
2H2(g) + OH−(aq) −0.83

Zn2+(aq) + 2e−
 Zn(s) −0.76

Fe2+(aq) + 2e−
 Fe(s) −0.45

Ni2+(aq) + 2e−
 Ni(s) −0.26

Sn2+(aq) + 2e−
 Sn(s) −0.14

Pb2+(aq) + 2e−
 Pb(s) −0.13

H+(aq) + e−


1
2H2(g) 0.00

Cu2+(aq) + e−
 Cu+(aq) +0.15

SO4
2−(aq) + 4H+(aq) + 2e−

 H2SO3(aq) + H2O(l) +0.17

Cu2+(aq) + 2e−
 Cu(s) +0.34

1
2O2(g) + H2O(l) + 2e−

 2OH−(aq) +0.40

Cu+(aq) + e−
 Cu(s) +0.52

1
2 I2(s) + e−

 I−(aq) +0.54

Fe3+(aq) + e−
 Fe2+(aq) +0.77

Ag+(aq) + e−
 Ag(s) +0.80

1
2Br2(l) + e−

 Br−(aq) +1.09
1
2O2(g) + 2H+(aq) + 2e−

 H2O(l) +1.23

Cr2O7
2−(aq) + 14H+(aq) + 6e−

 2Cr3+(aq) + 7H2O(l) +1.36
1
2Cl2(g) + e−

 Cl−(aq) +1.36

MnO4
−(aq) + 8H+(aq) + 5e−

 Mn2+(aq) + 4H2O(l) +1.51
1
2F2(g) + e−


F−(aq) +2.87
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21. 1H NMR data
Typical proton chemical shift values (δδ) relative to tetramethylsilane (TMS)

R represents an alkyl group, and Hal represents F, Cl, Br or I.

These values may vary for different solvents and conditions.

Type of proton Chemical shift / ppm

CH3 0.9–1.0

CH2  R 1.3–1.4

R2CH 1.5

C
O

RO CH2

2.0–2.5

C
R CH2

O
2.2–2.7

CH3 2.5–3.5

C C H 1.8–3.1

CH2  Hal 3.5–4.4

O CH2R 3.3–3.7

C
O

R O CH2

3.7–4.8

C

O

R O H
9.0–13.0

O HR 1.0–6.0

CH CH2 4.5–6.0

OH 4.0–12.0

6.9–9.0

9.4–10.0

H

C
O

R H
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22. Mass spectral fragments lost
Mass lost (Mr) Possible neutral fragment lost

15 •CH3

17 •OH

18 H2O

28 CH2||CH2          CO

29 •CH2CH3                   •CHO

31 •OCH3

45 •COOH

23. Uncertainties
If: y � �a b then: � � �y � �a b

If: y = ab
c

then: 
� � � �y
y
� � �
a
a

b
b

c
c

If: y = an then: 
� �y
y
� n a

a
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Updates to the publication
This section outlines the updates made to this publication over the past two years. The changes are 
ordered from the most recent to the oldest updates. Minor spelling and typographical corrections are 
not listed.

Changes for February 2024
11. Covalent or average covalent bond lengths
The bond length for F ― I was corrected to 191 × 10−12 m.

18. Acid–base indicators
The pH ranges for bromocresol green, phenol red and phenolphthalein were updated according to 
the latest published data.

23. Uncertainties
This section listing uncertainties propagation formulae was added.
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