
C H 3 1 3 43



Groups (American tradition)
IA IIA  ItlB I V B  V B  VIB VttB VIIIB IB  IIB IIIA I V A  V A  V I A  VIIAVIIIA

Groups (European tradition)
IA IIA  IIIA IVA VA VIA VtlA VIII IB IIB IIIB  IVB VB VIB VIIB  0

Groups (IUPAC) r 7
I 2 3 4 5 6 7 8 Y I O I I I2 1 3 I4 IS 16 I7 18

Transition Metals

I I
* SX Lanthanides 71I II I

** 00 Actinideq 103
I I
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Li Be
1.57 1.12
Na M9
1.91 1.60
K cs  SC Tl v Cr
2 . 3 5 1.97 1.64 1.47 1 . 3 5 1.29

R b Sr Y Zr Nb MO
2 . 5 0 2 . 1 5 1.82 1.60 1.47 1.40

ca Ba Lu Hi Ta W
2 . 7 2 2 . 2 4 1.72 1 . 5 9 1 . 4 7 1.41

A l
1.43

Mn Fe Co Ni Cu  Zn Ga
1.27 1.26 1 . 2 5 1.25 1.28 1.37 1.53
Tc Ru  Rh Pd Ag Cd In Sn
1 . 3 5 1 . 3 4 1 . 3 4 1.37 1 . 4 4 1.52 1.67 1.56

Re  OS Ir  Pt AU Hg Tl Pb Bi
‘1.37 1 . 3 5 1 . 3 6 1 . 3 9 1 . 4 4 1 . 5 5 1.71 1.75 1.82

%I  : A.F. Wells, Structural Inorganic Chemistry, 5fh  edn,  Ckendon  Press, Oxford (1984)
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Li’  (4)
0 . 5 9

Na+  (6)
1.02

K+ (6)
1.38

Rb+  (6)
1.49

Cs+  IS)
1.70

Be’+ (4) B3+  (4)
0 . 2 7 0 . 1 2

Mg*+ (61 Al’+ (6)
0 . 7 2 0 . 5 3

Ca*+  (6) Ga”  (6)
1 . 0 0 0 . 6 2

S?+  (6) In’+ (6)
1 . 1 6 0 . 7 9

Ba2+  (6) Tl”+ 16)
1.36 0 . 8 8

C

Si

G.S

Sn

P b

N”-
1.71

Pa-
2 . 1 2

A&
2 . 2 2

Sb3-

Bi”-

02-  (6) F- (61
1 . 4 0 1.33

Sz- (61 ’ Cl- (6)
1 . 8 4 1.81

Se’-  (6) Br- (6)
1 . 9 8 1 . 9 6

Te’- (6) I- (6)
2.21 2 . 2 0

PC At-

%Jl  : R.D. Shannon and CT.  Prewitt,  Acta  Crytallogr.  B 25, 925 (1969)
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5s = 1.7208 + 0.3601 (2s+2p-1)  + 0.2062 (3s+3p+3d+4Ap)

% = 2.5787 + 0.3326 (2p-1)  - 0.0773 (3s) - 0.0161 (3p+4s)  - 0.0048 (3d)

+ 0.0085 (4 p)

S 3 s = 8.4927 + 0.2501 (3s+3p-1)  + 0.0778 (4s) + 0.3382 (3d) + 0.1978 (4~)

S 3 P = 9.3345 + 0.3803 (3p-1)  + 0.0526 (4s) + 0.3289 + 0.1558 (4~)

S 4s = 15.505  + 0.0971 (4s-1)  + 0.833 (3d) + 0.0687 (4~)

S 3d = 13.5894 + 0.2693 (3d-1)  0.1065 (4~)-

dn  d
(n)  LabauJDLanWSOWSIO9  7N

(91) s- %?kWlSQUll.4  &n

(fl) 3d-&hTaDldlld  &Zn

44 0 de d
ami (n) babauJObanmJOU4189  7N

S
2P

= 2.5787 + 0.3326 (3-l) = 3.2439

Z* = Z - CS  = 7 - 3.2439=  3.7561

(“u)  ~s-&?~WISFIU~U  &n = 1s’ 2s’  2p6 3s2 3p6 3d1’  4s2

S 4s = 15.505  + 0.0971 (2-l) + 0.833 (10) 23.9321=

Z* = Z - ZS = 30 - 23.9321 = 6.0697

(fl) 3d-k%0190fd%M  3,,Zn  = 1s’ 2s2 2p6 3s2 3p6 3d” 4s’

S 3d = 13.5894 + 0.2693 (10-l) = 16.0131

Z* = Z-S = 30 - 16.0131 = 13.9869

~~l~loJl~n~lwaaawa'9~~~~~~~~~~~~~~Ql~~~~l~
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E = - 116eV(Z*)’

(n*j2

6-l IS

H -14

He -39

Li -99

Be -185

B -298

2s

-6

-12

-22

2 P

-20

3s 3 P 4s
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m’119~  2 . 3  (&I)--

C

N

0

F

N e

N a

Mg

Al

Si

P

s

Cl

Ar

K

-437 -3s -32

-604 -SO -48

-797 -68 -66

-1017 -89 -88

-1264 -113 -113

-1536 -146 -159

-1833 -184 -213

-21.57 -22.5 -27 1

-2508 -271 -336

-2884 -322 -408

-3287 -376 -488

-3717 -436 -574

-4173 -499 -667

-4655 -S66 -767

-10

-16

-24 -20

-34 -28

-46 -36

-59 -46

-74 -57

- 9 1 -69

-96 -90 -12
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El3

E2s

E*P

B+ (1~~2s~)

-298 eV

-29 eV

B (ls*  2s2  2pl) B’ (1 s*  2s’  2~‘)

-298 eV -297 eV

-22 eV -16 eV

-20 eV -1.5 eV
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1
2

3
4

5
6
1

8
9

1 0

1 1
1 2

1 3
1 4
1 5
1 6
1 7
1 8

1 9
2 0

2 1
2 2
2 3
2 4
2 5
2 6
2 7
2 8
2 9
3 0

3 1
3 2

H
He

L i
Be

B
C
N
0
F
N.2

N a
Mg

A l
Si
P
s
Cl
Ar

K
C a

S C

T i
V
Cr
M n
Fe
C O
N i
C U
Zn

G a
Ge

0.75
-0.22

0.62
-2.5

0.28
1.27
0.07
1.46
3.40

-0.3

0.55
-0.15

0.46
1.39
0.74
2.08
3.62

-0.36

0.50
-1.8

0.14
0.08
0.5
0.66
0

0.25
0.7
1.15
1.23

-0.49

0.3
1.2

13.598
24.587

5 . 3 9 2
9.322

8.298
11.260
14.534
13.618
17.422
2 1 . 5 6 4

5 . 1 3 9
7.646

5 . 9 8 6
8.151
10.486
10.360
12.967
15.759

4.341
6.113

6.54
6.82
6.74
6.166
7.435
7.870
7.86
7.635
7.726
9 . 3 9 4

5.999
7.899

54.416

75.638
18.211

25.154
24.383
29.601
35.116
34.970
4 0 . 9 6 2

47.286
15.035

18.828
16.345
19.725
23.33
23.81
27.629

31.625
11.871

12.80
13.58
14.65
16.50
15.640
16.18
17.06
18.168
20.292
11.964

20.51
15.934

122.45 1
153.893

37.930
47.887
47.448
54.934
62.707
63.45

71.64
80.143

28.447
33.492
30.18
34.83
39.6 1
4 0 . 7 4

45.12
50.908

24.76
27.49 1
29.310
30.96
33.661
30.651
33.50
35.17
36.83
39.722

30.71
34.22
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3 3 AS 0.8 9.81 18.633 28.351

3 4 Se 2.02 9.752 21.19 30.820

3 5 Br 3.36 11.814 21.8 3 6

3 6 Kr - 0.40 13.999 24.359 36.95

3 7 R b 0.49 4.1'77 27.28 40

3 8 Sr -1.7 5.695 11.030 43.6

3 9 Y

40 Zr

4 1 N b

42 M O

43 T C

44 RU

4 5 R h

46 Pd

47 A8
48 C d

0

0.43

1.0
0.75

1.5

1.14

0.56

1.30

-0.33

6.38 12.24 20.52

6.84 13.13 22.99

6.88 14.32 25.04
7.099 16.15 27.16
7.28 15.26 29.54

7.37 16.76 28.47

1.46 18.08 31.06

8.34 19.43 32.93

7.576 21.49 34.83

8.993 16.908 37.48

49 I n 0.3 5.786 18.869 28.03

5 0 Sn 1.25 7.344 14.632 30.502

5 1 Sb 1.05 8.641 16.53 25.3

5 2 Te 1.97 9.009 18.6 27.96

5 3 I 3.06 10.451 19.131 3 3

54 Xe -0.42 12.130 21.21 32.1

5 5 CS

5 6 Ba
3.894 25.1

5.212 lO.Wl

5 1 La

5 8 Ce

5 9 Pr

60 N d

6 1 P m

6 2 S m

6 3 EU

64 G d

6 5 T b
66 DY

0.47

-0.5

0.5 5.577 11.06
5.47 10.85

5.42 10.55

5.49 10.72

5.55 10.90

5.63 11.07

5.67 11.25

6.14 12.1

5.85 11.52

5.93 11.67

19.175

20.20

21.62
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61 H o 6.02 11.80
6 8 Er 6 . 1 0 11.93
6 9 T m 6.18 12.05 23.7 1
7 0 Y b 6.254 12.17 25.2
7 1 L U 5.426 13.9

7 2 H f
7 3 Ta
7 4 W
7 . 5 Re
7 6 O S
7 7 Ir
7 8 IJt
7 9 A U

80 Hg

8 1 Tl
8 2 P b
8 3 B i
8 4 P O
$5 A t
8 6 RIl

-0.8 7.0
0 . 3 2 7.89
0 . 8 2 7.98
0.15 7.88
1.1 8.7
1.6 9.1
2.1 9.0
2.31 9.225

-0.63 10.437

14.9 23.3

0 . 3
0 . 3 7
0 . 9 5

6.108
7.416
7.289
8.48

18.563
20.5
18.756 34.2

20.428 29.83
15.032 31.937
16.69 25.56

-0.42 10.748

8 7 Fr
8 8 Ra
8 9 A C

9 0 T h
9 1 Pa
9 2 U
9 3 NP
9 4 P U
9 5 A m

0 . 4 6
5.279
6.9

10.147
12.1
11.5 20.0

5.8
6 . 0
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First transition series

I
0 10 20 30 40 ’ 50 60 70 00

Atomic number
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t
Energy,eV

A

11.26 eV

1 c+ (2p)
I

10.00 ev 8.58 eV

1c (‘8

c (‘D)

c C3P)

I%er =
g(11.26)  +5(10.00)+  l(8.58)

=  1 0 . 6 6  ev
15
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a’q IS 2s 2p 3s 3p 4s 4 P

H

He

Li

Be

B

C

N

0

F

N e

N a

M!S

Al

S i

P

S

Cl

AI

K

Ca

Z n

13.6

24.6

5.4

9 . 3

14.0

19.4

25.6

32.3

40.2

48.5

8 . 3

10.6

13.2

15.8

18.6

21.6

5 . 1

7.6

1 1 . 3 5.9

14.9 7.7

18.8 1 0 . 1

20.7 11.6

2s 3 13.7

29.2 15.8

4 . 3

6 . 1

9 . 4
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li1-q Is 2 s 2P 3s 3p 4s 4P

G a 12.6 6.0

Ge 1.5.6 1.6

AS 17.6 9 . 1

S e 20.8 10.8

Br 24.1 12.5

Kr 275 14.3

H He
2.20

64 Be B C N 0 F Ne
0.98 1.57 2.04 2.55 3.04 3 . 4 4 3 . 9 8

N8 M9 Al Si P s Cl AC
0.93 1.31 1.61 1.90 2.19 2 . 6 8 3.16

K CJ Ge GE As Se Br Kr
0.82 1.00 1.81 2.01 2.18 2.55 2.96 3 . 0

R b S r In Sn sb To I Xe
0.82 0.95 1.78 1.96 2.05 2.10 2.66 2 . 6

CS BO TI w Bi
0.79 0.89 204 2.33 2.02
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E
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FJ=mw XP XAR X” xs 8E?lOaJ XP XAR XM xs

H 2.20 2.20 3.06 2.30 Ga 1.81 1.82 1.34 1.76
Li 0.98 0.97 1.28 0.91 Ge 2.01 2.02 1.95 1.99
Be 1.57 1.47 1.99 1.58 As 2.18 2.20 2.26 2.21
B 2.04 2.01 1.83 2.05 Se 2.55 2.48 2.51 2.42
C 2.55 2.50 2.67 2.54 Br 2.96 2.74 3.24 2.69
N 3.04 3.07 3.08 3.07 Kr 2.94 2.98 2.97
0 3.44 3.50 3.21 3.61 Rb 0.82 0.89 0.99 0.71
F 3.98 4.10 4.42 4.19 Sr 0.95 0.99 1.21 0.96
Ne 4.84 4.60 4.79 In 1.78 1.49 1.30 1.66
Na 0.93 1.01 1.21 0.87 Sn 1.96 1.72 1.83 1.82
Mg 1.31 1.23 1.63 1.29 Sb 2.05 1.82 2.06 1.98
Al 1.61 1.47 1.37 1.61 Te 2.10 2.01 2.34 2.16
Si 1.90 1.74 2.03 1.92 I 2.66 2.21 2.88 2.36
P 2.19 2.06 2.39 2.25 Xe 2.60 2.40 2.59 2.58
S 2.58 2.44 2.65 2.59 cs 0.79 0.86
Cl 3.16 2.83 3.54 2.87 Ba 0.89 0.97
Ar 3.20 3.36 3.24 TI 2.04
K 0.82 0.91 1.03 0.73 Pb 2.33
Ca 1.00 1.04 1.30 1.03 Bi 2.02
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+a +2 +2 +2 +2 t2 +2 +2 +1 +2

d Block (oxidation states as indicated)
SC T i V Cr Mn Fe Co Ni cu 2n
1.36 1.54 1.63 1.66 1.55 1.83 1.88 1.91 1.90 1.65
Y i3 Nb Tc Ru Pd Ag Cd
1.22 1.33 y:6 ?.!8 2.20 1.93 1.69
La Hf Ta W Re OS
1.10 2.36

Pl Au Hg
5.20 2.28 2.54 2.00

f Block (oxidation state +3)

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1.12 1.13 1.14 1.17 1.20 1.22 1.23 1.24 1.25 1.0

U N p  Pu
1.38 1.36 1.28

6
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2.1

2.2

2.1

2.4

2.5

2.6

2.7
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