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Linkage Isomers
Linkage isomers can exist when one or more ambidentate ligands is bonded to a metal ion. 

This type of isomerization was discovered by Jorgensen in 1894.

[Co(NH3)5Cl]Cl2

NH3/HCl NaNO2

Solution “A”
Cool Heat and gradually add conc. HCl

Red
Compound

Yellow 
Compound

Warm HCl

UV
Both compounds have the same elemental composition. 

Addition of Ag+ yields 2AgCl in both cases.

What’s going on?

[Co(NH3)5“NO2”]Cl2
The nitrite ion can bind in two different ways.  Through the O or through the N.

Jorgensen figured this out in 1894……BUT HOW?
He did not have IR-spectroscopy, X-ray crystallography, etc… 

[Co(NH3)5(OH2)]Cl2 [Co(NH3)5(NH3)]Cl2

He already had prepared similar compounds with O and N donors. 

What do the structures look like?

By analogy

[Co(NH3)5(ONO)]Cl2
NITRITO

[Co(NH3)5(NO2)]Cl2
NITRO
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Was he correct?

[Co(NH3)5(ONO)]Cl2
NITRITO

[Co(NH3)5(NO2)]Cl2
NITRO

If you were to look at the IR spectra of the two compounds 
what would you expect if Jorgenson was correct?

How can you tell?

“O” Bound NO2 Free NO2 “N” Bound NO2

Look at the structures.

νNO=1470cm-1 and 1065cm-1

well-separated
νNO=1335cm-1 and 1250cm-1 νNO=1430cm-1 and 1310cm-1

close together

Isomerization Summary

Ionization Isomers. 2 different ions are obtained when dissolved in 
solution.  (Same formula…..different solution species.)

This is similar to the Hydration Isomers noted on page 424 of R-C, 
although in the case of HI isomers differ in  the number of coordinated 

water molecules.

Coordination Isomers. When both the anion and cation contain metal ions  
different distributions of ligands between metal 
centers result.

Linkage Isomerism. Bonding of ligands through different modes.  A good 
example of this involves the binding of NO2.
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Structure of Simple Coordination Compounds
A review of conventions for drawing 3-D structures on paper.

Four Coordinate Complexes

M-L bond in the 
plane of the page.

M-L bond out of the 
plane of the page.

M-L bond into the 
plane of the page.

ML4

≡

ML2X2

tetrahedral square planar

cis trans

Six Coordinate Complexes
ML6 ML4X2 ML3X3

octahedral trans- cis- facial (fac)   meridianal (mer)

These are the same complexes viewed down a face of the octahedron.



4

Tris-ethylenediamine Chelates

These are the structural representations of ONE optical isomer.

Understanding these structural formulae is crucial to 
you deciding on chirality.

Optical Isomerization
Tetrahedral Geometry

This is the same as you see for organic chemistry.

The [Co(NH3)ClBrI]- ion is tetrahedral, with four different groups bonded to the cobalt.
It has two nonsuperimposable mirror images: 

Octahedral Geometry

Similarly, an octahedral metal ion 
bonded to 6 different ligands would be 
chiral.
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Optical Isomerization Con’t
Chirality and optical isomerism that do not depend on having four different groups 
attached to a tetrahedral central atom. Tris(ethylenediamine)cobalt(III) ion is chiral, in 
spite of the fact that the three ethylenediamine ligands are all the same and are 
themselves symmetrical: 

cisplatin
PtCl2(NH3)2

Diaminedichloroplatinum (II)
Cisplatin was first synthesized by M. Peyrone in 1844 and has been called Peyrone's chloride. 

Its structure was first elucidated by Alfred Werner in 1893.

Discovery of Clinical application.

In the early 1960's, a series of experiments in the laboratories of Barnett Rosenberg at the 
Michigan State University found some peculiar results. An experiment designed to measure 
the effect of electrical currents on cell growth yielded Escherichia colithat were 300 times the 
normal length. This effect was not due to the electrical fields themselves but to a chemical 
agent that was formed in a reaction between the supposedly inert platinum electrodes and 
components of the solution. The chemical agent was later determined to be cisplatin. 

Tests revealed the compound had prevented cell division, but not other growth processes in 
the bacteria.  It was approved for cancer treatment in 1978.

The trans isomer Pt(NH3)2Cl2 is therapeutically inactive.

It is possible to distinguish between isomers based on the activity of the two 
Pt-Cl bonds (expected around 300 cm-1 in the IR region).  The vibrational
spectra of these isomers differ, due to the different symmetries. The point 
group affiliations for the two isomers are different, and, as it turns out, so are 
the vibrational selection rules.


