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Topic 18 – Coordination Compounds


BASIC DEFINITIONS AND DESCRIPTIONS


A. Coordination compound 

A coordination compound is a neutral species consisting of one or more complex ions.

B. Complex ion

1. A complex ion is an ion with a central metal ion bonded to one 

    or more molecules or ions.

2. The central atom is a Lewis acid.

3. The attached molecules or ions are ligands and are Lewis bases.
4. These molecules or ions are attached to the central metal ion by

    means of coordinate covalent bonds.

5. Complex ions may have an overall positive, negative, or even 

   neutral charge.


C. Central atom

1. The central atom is the atom in a coordination entity that binds 

    other atoms or groups of atoms (ligands) to itself.

2. The central atom, occupies the central position in the 

    coordination entity.


The central atom in K2[Cu(CN)4] is copper.


The central atom in MoOCl4 is molybdenum.


D. Ligand



1.  Definition

A ligand is a molecule or ion bonded (coordinated) to the metal ion in a coordination entity.



2. Description

Ligands are electron pair donors (Lewis bases) and the electrons of the bond are entirely derived from the ligand. 
Ligands may be neutral molecules, such as H2O or HN3.

Ligands may also be anions, such as Cl( or CN(.



2. Monodentate ligand

A monodentate ligand is a ligand that binds to the central metal ion through one electron-donor atom on the ligand – the ligand has one point of attachment.



3. Bidentate ligand

A bidentate ligand is a ligand that binds to the central metal ion through two electron-donor atoms on the ligand – the ligand has two points of attachment.

E. Coordination number 

1. The coordination number is the total number of bonds the metal    

    ion forms with the ligands – the total number of attachments 

    between metal and ligands.

2. Some metal ions always exhibit the same coordination number:

Cr3+ and Co3+ always coordinate to six ligands.

Pt2+ always coordinates to four ligands.

3. Many times the coordination number varies with the size of the 

    ligand or with the charge.

a. As the size of the ligand increases, fewer of them can 

    coordinate to the metal ion.


Example: F( and Cl(


It is [FeF6]3( but [FeCl4]3(
b. As the charge on the ligand increases, fewer of them can 

    coordinate to the metal ion:


Example: NH3 and CN(


It is [Ni(NH3)6]2+ but [Ni(CN)4]2(

F. Chelates



1. A chelate is a complex formed by polydentate ligands.



2. Chelating agent

Polydentate ligands can be used to remove metal ions from a chemical system.



3. The chelate effect




The chelates, once formed, are very stable.

They have a larger formation constant compared to monodentate and even bidentate ligands.



4. Use of chelating agents

a. Chelating agents are used in prepared foods to remove    

    the metal ions that can catalyze decomposition reactions    

    that cause the food to deteriorate.

b. Chelating agents are used to treat lead poisoning to     

    create a complex that can be excreted through the

    kidneys.



3. Metals and chelates in living systems




a. A very important chelate is formed from the porphine 

    molecule – a tetradentate ligand.
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Complexes derived from porphine are called porphyrins.

b. Chlorophyll
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	http://en.wikipedia.org/wiki/Chlorophyll


Chlorophyll is able to strongly absorb light in the visible part of the spectrum because of the series of conjugated double bonds (alternating double and single bonds) in the porphyrin ring surrounding the chelated magnesium ion.

A molecule of chlorophyll absorbs a photon, which kicks out an electron.

The electron is passed to the nearby pheophytin molecule, starting the flow of electrons down the electron transport chain that leads to the ultimate reduction of NADP into NADPH.

The chlorophyll molecule regains its lost electron by taking it from a water molecule.

This releases oxygen as a product.




c. Hemoglobin





Heme group
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	http://tr.wikipedia.org/wiki/Hemoglobin


Human hemoglobin consists of four heme groups.

Each heme group consists of an iron (II) ion complexed with a porphine that has lost two protons, called a porphyrin.

Four positions on the iron (II) ion are where the four nitrogens of the porphyrin bond at four coplanar positions on the iron (II) ion.

The fifth position is where the iron bonds to the nitrogen of imidazole ring of a histidine – which secures the iron to the globular protein of the heme.

The sixth position is occupied by a water molecule in deoxyhemoglobin or by an oxygen molecule in oxyhemoglobin.




d. Lichens

Lichens use chelating acids to extract minerals from rock.




NAMING COORDINATION COMPOUNDS
A. Oxidation numbers of the metals in coordination compounds


1. The oxidation number of the metal in a coordination compound 

                is equal to its charge.


2. The sum of the charge on the metal and the charges on the 

                ligands must equal the charge on the complex.



The handout “Table of Common Ligands” will be very 

useful.


3. Examples



a. Give the oxidation number for the metal in [Fe(CN)6]3(.



The cyanido ligand (CN() has a negative one 

charge.

x + 6((1) = (3

x = +3




b. Give the oxidation number for the metal in K4[Fe(CN)6].





The metal in this case is the iron.





Potassium has a plus one charge.



The cyanido ligand (CN() has a negative one 

charge.

4(+1) + x + 6((1) = 0

x + ((2) = 0

x = +2




c. Give the oxidation number for the metal in 

     [Co(NH3)4CO3]2SO4.





The ammine ligand (NH3) has no charge.

The carbonato ligand (CO3) has a negative two

charge.

Sulfate has its usual negative two charge.

2[x + 4(0) + ((2)] + ((2) = 0

2x + 8(0) + 2((2) + ((2) = 0

2x +  ((6) = 0

x = +3

B. Naming and writing structural formulas



1. Writing the IUPAC name from the structural formula




a. Rules





(1) The cation is named before the anion.





(2) Within a complex ion, the ligands are named 

                  first, and the metal ion is named last.

(3) Ligands are named in alphabetical order. 

      Prefixes are ignored for the purpose of 

      alphabetization.

(4) The names of anionic ligands are modified to 

      end in “o” . In general, if the anion name ends 

      in “ide” “ite” or “ate”, the final “e” is replaced 

      by “o”, giving “ido”, “ito” and “ato”, 

      respectively.

(5) The names of neutral and cationic ligands are 

      used without modification. even if they end with   

      ide” “ite” or “ate”.

The exceptions are:



Ammonia becomes 

“ammine”



Carbon monoxide becomes 

“carbonato”



Water becomes 

“aqua”





(6) Two kinds of numerical prefix are used to 

      indicate the number of each type of ligand.

See the Handout “Table of Numerical Prefixes for Coordination Compounds”






(a) The prefixes di, tri, tetra, etc. are used 

      for simple ligands. 






(b) When the name of the ligand already has

      a number prefix, the ligand name is 

      enclosed in parentheses and its number 

      is given with the alternate prefixes bis, 

      tris, tetrakis, etc.

(7) There no elision of vowels or use of a hyphen: 

       tetraammine.





(8) No spaces are left between parts of the name 

      that refer to the same coordination complex.  

      However, there is a space between the name of 

      the cation and the anion.

(9) When the metal is a part of an anionic complex   

      its name ends in “-ate.”

          (10) The oxidation number of the metal ion is given 
 

                  as a Roman numeral in parentheses.




b. Examples


Give the IUPAC name for the following coordination entities:

K4[Fe(CN)6]


First, naming [Fe(CN)6]

The ligands are named first and then the metal ion.

CN( is “cyanido”

There are six so it is 

“hexacyanido.”

Since the iron is part of an anionic complex, its name ends with “-ate.”

From the handout “Table of Anion Names for Metals in Complexes” we get “ferrate.”

Since the oxidation number is +2 it would be represented as “(II).”

[Fe(CN)6] would be: 

“hexacyanidoferrate (II).”

Last, naming K4[Fe(CN)6]

The cation is named before the anion, so it would be:

“potassium hexacyanidoferrate (II).”

[Cr(H2O)4Cl2]Cl

“tetraaquadichloridochromium(III) chloride



2. Writing structural formulas from the IUPAC name

a. Rules

(1) The formula for the entire coordination entity, 

      whether charged or not, is enclosed in square 

      brackets. 

(2) The central atom is written first, then the 

      ligands.

(3) When ligands are polyatomic, their formulas are 

      enclosed in parentheses. 

(4) Ligand abbreviations are enclosed in 

      parentheses. 

(5) There should be no spaces in the formulas.

(6) If the formula of a charged coordination entity is 

     to be written without that of the counter-ion, then 

     the charge is indicated outside the square bracket 

     as a right superscript, with the number before 

     the sign. 




b. Examples


Write the formulas for the following coordination entities:


pentacyanidonickelate(II)

Writing the central atom first, then the ligands would be:

Ni(CN)5






Calculating the charge on the 

coordination entity:

(+2) + 5(() = (3

Writing the entity enclosed in brackets with the charge as a superscript would be:
[Ni(CN)5]3(
              


dichloridobis(ethylenediamine)platinum(IV) nitrate







The ligands would be Cl2 and







(en)2 respectively.

Writing the central atom first, then the ligands would be:

Pt(en)2Cl2
Enclosing the coordination entity in brackets would be:


[Pt(en)2Cl2]







The charge on the coordination 

entity would be:


(+4) + 2(0) + 2 ((1) = +2

Since the charge on nitrate is (1, 

two nitrates are needed to form an electrically neutral compound:

[PtCl2(en)2](NO3)2
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