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Coordination of  Water to Metals

Soluble metal oxide

Coordination compounds

Ligands

Electronic Bookkeeping

Compound  pKa Dipole 
moment 

Dielectric 
constant 

HO 15 1.84  81.7 
CS2 0 0 2.64 
H2SO4 -9  101 
NH3 38 1.47 26.7 
CH3CO2H 4.75 1.74 6.19 
CCl4  0 2.23 
CHCl3  1.87 4.70 
CH3CH2OH 16 1.69 24.3 
CH2Cl2  1.60 8.9 
C6H5CH3  0.36 2.38 
CH3CN 25 3.92 36.2 
n-C6H14 44 0.08 1.89 
thf  1.63 7.32 
C5H5N  2.19  12.3 
 

H2O

Element O xides

¥ Stoichiometry

¥ Reaction with water

¥ Solvated cation

Na Na2O 2 NaOH 2 Na+
(aq) + 2 OH-

(aq) 

Na+

H2O

H2O OH2

OH2

OH2

OH2

Mg MgO Mg(OH)2 Mg2+
(aq)  +2 OH-

(aq) 

S SO3 H2SO4 HSO3
-
(aq) + H+

(aq)
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Typical O xidation States of  Metals

AcRaFr7

RnAtPbBiPbTlHgAuPtIrOsReWTaHfLaBaCs6

XeITeSbSnInCdAgPdRhRuTcMoNbZrYSrRb5

KrBrSeAsGeGaZnCuNiCoFeMnCrVTiScCaK4

ArClSPSiAlMgNa3

NeFONCBBeLi2

!HeH1

I

II

III

II/IV

III/V

Transition elements: variable oxidation states

III
Fe(II)/Fe(III), Co(I)/Co(III)
Cu(I)/Cu(II), Zn(II)

Ti(III)/Ti(IV), V(III)/V(IV)/V(V)
Cr(II)/Cr(III), Mn(I)/Mn(III)/Mn(V)/Mn(VII)

High oxidation states: 3rd row > 2nd row > 1st row

Oxidation states from -II to + VIII are common!

Acidity of  Water Complexes

The overall effect is that each of the hydrogen atoms is more
positive than it is in ordinary water molecules. The 3+ charge is no
longer located entirely on the iron but spread out over the whole
ion - much of it on the hydrogen atoms.

Acidity of  Aquo Complex

1 x 10-4Cr3+

2 x 10-3Fe3+

1 x 10-5Al3+

1 x 10-8Cu2+

1 x 10-9Zn2+

4 x 10-12Mg2+

2 x 10-13Ca2+

2 x 10-14Li+
Very smallNa+

[M(H2O)n]z+                         [M(H2O)n-1(OH)](z-1)+   +  H+

K

K
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Equilibria

¥ What happens when you add acid?

¥ What happens when you add base?

[Fe(H2O)6]
+3                   [Fe(H2O)5(OH)]+2                [Fe(H2O)4(OH)2]

+

Fe(H2O)3(OH)3
insoluble

strong acid weaker acid

Neutral Ligands

¥ H2O

¥ NH3

¥ pyridine (py)

¥ bipyridine (bpy)

¥ ethylene diamine (en)

¥ H2S

Co

N
H2

H2
N

H2
N

N
H2

OH2

OH2

+2

Co
H3N

H3N NH3

NH3

OH2

NH3

+2

Ligands with a -1 Charge

¥ HO-

¥ HS-

¥ H2N-

¥ RC(O)O-

¥ acetylacetonate (acac)

¥ dithiocarbamate

¥ F-, Cl-, Br-, I-

¥ CN-

¥ SCN-

¥ NO3
-

Fe
NC

NC CN

CN

OH

CN

-3

Isomers
Linkage isomerism
Stability of chelates
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Ligands with a 2-  Charge

¥ O2-

¥ S2-

¥ RN2-

¥ oxalate, C2O4
2-

Cr

O

O O

O

O

CH3

CH3

H

+

Examples

Draw the structure and give the oxidation state and electron count of:

Mn(S2CNEt2)2 TiCl4 [Ti(H2O)6]3+ [V(bpy)3]-

V(O)(acac)2 [VO2(OH)2]- [Cr(O)Cl4]- CrCl3(NMe3)2
[Mn(ox)3]3- [Fe(en)2(H2O)4]2+ [Ni(CN)4]2-

Coordination Geometry

2-coordinate

3- coordinate

4-coordinate

5-coordinate

6-coordinate

7-coordinate

M LL
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L

M

L
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trigonal planar

L

M

L
L

L
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L

L L
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tetrahedral     or   square planar

L M
L

L

L

L

M

L

L L

L

L

trigonal bipyramidal  or square pyramidal

M

L

L L

L

L

L

L

L
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M

L

L
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octahedral  or  triangular prism

LL

L

L L
M

L

L

M
L

L L

L

L
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pentagonal bipyramid  or capped octahedron


