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Isomers

Isomers are 2 or more compounds that have the same
stoichiometry (elemental composition), but differ in their
structure.

In coordination chemistry, this can be caused by:

the type of coordination
the donor atom

difference in symmetry
difference in conformation

We will break isomerisation down into two broad categories:

Constitutional Isomers — Isomers that bonds to the metal
center.

Configurational Isomers - Isomers that differ in
geometry, but not connectivity.
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Constitutional Isomers

Constitutional isomers are also called structural isomers.
There are three 3 types:

lonisation isomers — lonisation isomers have the same
formula but result in different isomers when dissolved in
a solvent.

Coordination isomers — Coordination Isomers have
different groupings of the same ligands bonded to a
metal centre.

Linkage isomers — Linkage isomers have ambidentate
ligands that can coordinate through different donor
atoms to the metal centre.
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lonisation Isomers

lonization isomers are compounds that have the same
formula but produce different ions in solution. They have
ditferent ligands in their 1t and 2" coordination spheres:
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Notice that there can be very obvious differences in these
isomers:

Different bonds at the metal centre result in a different
stabilisation and possibly charge of the complex ion,
and can thus affect reactivity.

Likewise, the free anion can be different and also affect
reactivity, as well as solubility.
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Coordination Isomers

2, Coordination isomers have different groupings of the same

|ligands bonded directly to the metal center:
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These are related to ionisation isomers, and this
isomerisation can affect the chemistry in a similar manner.
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Linkage Isomers
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Configurational Isomers (Stereoisomers)

Sterecisomers: have all the same bonds, but differ by some
aspect of symmetry.

Diastereomers : Stereoisomers that differ spatially, but
are not mirror images. These are also called geometric
isomers.

Enantiomers : Pairs of isomers that are mirror images of
each other and non-superposable. These are also called
optical isomers.
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Entantiomers (Optical Isomers)

Enantiomers can be difficult to see from a 2D depiction.
They are mirror images of each other, and the two forms
cannot be superimposed.
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Tetrahedral Enantiomers

Tetrahedral enantiomers occur when there are four different
groups around the central atom. This enentiomerism is seen
in coordination chemistry, but plays a much larger role in
organic chemistry:
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Typically, a tetrahedral complex with four different ligands is
too unstable.
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Number of Octahedral Isomers

The octahedral case can be very complex, depending on the
number of different ligands and whether or not they chelate.

A systematic approach is to consider ligands that lie trans to
each other, and write out a table of possible isomers:

*Keep one pair constant

*Alter the second pair by keeping one ligand constant
and changing the second ligand

sLet the third pair be whatever is left over

Consider the complex Majbcd, where a, b, ¢, and d are
different ligands:
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Orientation of Chelate Rings

In an octahedral complex, the relationship of the chelate
rings to each other can cause isomerisation.

If there are three rings, there are three possible
arrangements:

no coplanar rings 2 coplanar rings all coplanar rings
o B trans

It is easier to consider with just two, unconnected rings:
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no coplanar rings  all coplanar rings
[+ trans
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{efther A or A) is determined by which way

heisomer is twisted. It can be easily
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Avs. A

Turn the molecule so that one triangular face is pointed
frontwards, with one ring at the back and horizontal.
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Now consider that the bidentate ligand in the front used to be
parallel with the rear ring. ’

If it had to be rotated counterclockwise (to the left) to achieve
its present orientation, then the complex is the fevo complex,
and is labelled lambda A.
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If it had to be rotated clockwise (to the right) to be in its

present orientation, then the complex in the dextro complex,

and is labelled delta A.

Systems With Two Rings

tem also works for octahedral chelates with

ng-as the rings are in the same plane or
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Avs.d

The same analysis can be performed on chelate rings within
an octhedral complex.

Since many rings are not perfectly planar it is necessary to
differentiate their twists, also labelled lambda and delta, but
now in lowercase.

We consider two lines again, but now it is one line joining the
donor atoms of the ligand. If we consider the
ethylenediamine case, it would connect the two nitrogen.
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The second line connects the two carbons.
Like before, we put the first line to the back and horizontal.

We then consider that the other line used to be parallel with
it, and determine its handedness by which way the line
would have to be rotated in order to achieve the present
configuration.
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