
1

complex

ligand

coordination compound

[Co NH3 6]SO4 [Cu NH3 4]SO4·H2O [Pt NH3 4]Cl2

K4[Fe CN 6]·3H2O K3[Fe CN 6] K[PtCl3 C2H4 ]·H2O Zeise 

[Pt NH3 4][PtCl4] Magnus 18

complex salt

Alfred Werner 1-1 1893 

Co III , Fe III , Pt IV

6 

Pt II 4 4

1913

coordination chemistry

Werner N O

Werner 

20

coordination 

chemistry 
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Alfred Werner 1866 

1890 1893 

coordination theory 1

19 Co III

luteo 

CoCl3·6NH3 purpureo CoCl3·5NH3 S. M. Jörgensen

5

Werner Co3+

6

CoCl3·4NH3 2 

2 [CoCl2 NH3 4]
+

3

2 

Co III 6 

Pt II 4 

Werner 

CoCl2X·2en en 

= NH2CH2CH2NH2 praseo trans-[CoCl2 en 2]X  violeo 

cis-[CoCl2 en 2]X  violeo 

2 [Co en 3]
3+
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1

coordination bond lone pair

2 

M L a NH3 H+

NH4
+ H+

H+ NH3

b Lewis

cis-[CoCl NH3 en 2]
2+

Werner 

1913 1 20 

20 Co III

1 https://www.nobelprize.org/nobel_prizes/chemistry/laureates/1913/werner-facts.html
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Werner 

crystal field 

theory ligand field 

theory

d f

bioinorganic chemistry

H. Taube 1983 R. A. 

Marcus 1992 

C. J. Pedersen, J-M. Lehn, D. 

J. Cram 

1987  

supramolecular chemistry

2016 

J-P. Sauvage, J. F. 

Stoddart, B. Feringa 3 Sauvage 

porous coordination polymer : PCP

metal organic framework : MOF
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1

Ag+, Cu2+, 

Zn2+ Ag2O, 

Cu OH 2, Zn OH 2 

[Ag NH3 2]
+, [Cu NH3 4]

2+, [Zn NH3 4]
2+

2 4 4

[Ag NH3 2]
+ [Zn NH3 4]

2+ [Cu NH3 4]
2+

K4[Fe CN 6]

[Fe CN 6]
4

Fe3+

organometallic compound

CN−

Zeise [Ni CO 4]

Grignard 

1951 S. A. 

Miler P. L. Pauson 
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4-4

Jablonski

S = 

0 S0 S1 S2 S3

HOMO LUMO

S1 S1

S0 radiative deactivation

non-radiative deactivation 2

S1−S0

fluorescence S1

S1 S = 1

inter-system crossing : ISC

S0

S1
T1

HOMO

LUMO

HOMO

LUMO

HOMO

LUMO

hν

5
4
3
2
1
0

5
4
3
2
1
0

5
4
3
2
1
0hν'

hν"

2 3

T1 T2 T3
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4

4-2-2

S1 T1 T1

phosphorescence

T1 S0 4-1-5

T1

S1

phonon O−H C−H

4 5 500 600 nm

O−D C−D

4-5

ν  ν'

4-5 a ν = 0
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8
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8

6

12-1-1 5

5 6

4 5 6

C F C I

C Br

+3

CrO4
2− Cr Cr VI

Cr III WO4
2−

2s 2p

8

d

3-2-2

3-8 3-10

18

[Ar]4s23d6

3d, 4s

4p

3d, 4s, 4p 9

18
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18

eighteen electron rule

effective atomic number rule : 

[MnBr CO 5] Mn Mn 7

Mn 7 Mn

Br 1

Br 1 Mn

CO Mn

CO  1 2 Mn

7 Mn  + 1 Br  + 2  5 CO  =  18

Mn 18 8-3

Mn
OC

OC CO

CO

Br

CO

Mn Mn Br

2-2-1

Br−

Mn

[MnBr CO 5]

Mn Mn+ Mn

1 6 Mn+ d6
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