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Crystal Field Theory was developed to describe important properties of complexes
(magnetism, absorption spectra, oxidation states, coo

rdination,). The basis of the model is
the interaction of d-orbitals of a central atom with |

gands, which are considered as point
charges. According to CFT, the attraction between the cen

tral metal and ligands in a
complex is purely electrostatic.

The theory is developed by considering energy changes of the five degenerate d- orbitals
being surrounded by an array of point charges consisting of the ligands. As a ligand
approaches the metal ion, the electrons from the ligand will be closer to some of the d-
orbitals and farther away from others, causing a loss of degeneracy. The electrons in the d-
orbitals and those in the ligand repel each other due to repulsion between like charges.

Thus, the d-electrons closer to the ligands will have a higher energy than those further
away, which results in the d-orbitals splitting in energy.
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; cystal Field Effects in Octahedral Complexes
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Now suppose both the ligands on each of the three axes arc allowed to approach towar
mctdl cation. M™ from both the ends of the axes. In this process the electrons in d-orb
lhe metal cation are repelled by the negative point charge or by the negative end of the di
the ligands. (Remember CFT the jonic ligands as negative point charges and neutral by,
d:pole's) This repulsion will raise the energy of all the five d-orbitals. Since the lobes ot
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The resulting energy difference is identified as 4, (o for octahedral) or 10Dq. This

provides a simple means of identifying the d- orbital splitting found in coordination ¢
and can be extended to include more quantitative calculations.
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(FT for Tetrahedral Complexes

ot us consider atetrahedral complex 1on, (ML i which the central metal on (M
ll,mundcd by four ligands, ‘
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A tetrahedron may be supposed to have been formed from a cube. The center of the cube 18 thy
center of the tetrahedron at which is placed the central metal ion (M"). Four alternate corners ¢
]lhe cube are the four corners of the tetrahedron at which the four ligands. L are placed. The tot
1ligands are lying between the three axes x,y and z which pass through the centers of the s
faces of the cube and thus go through the center of the cube. Now since the lobes of t; orbit:
(dyy, dy, and d,,) are lying between the axes (are lying directly in the path of the ligands). the
orbitals will experience greater force of repulsion from the ligands than those of ¢ orbitals (
and d,‘z-,z) whose lobes are lying along axes (are lying in space between the ligands).

Thus the energy of t; orbitals will be increased while that of ¢ orbitals will be decreas
Consequently the d orbitals are again split into two sets.




The energy difference between t; and e sets for tetrahedral complex is represented as A,

The crystal field splitting in a tetrahedral field is smaller than that in an octahedral field because
in an octahedral complex there is a ligand along each axis and in a tetrahedral complex no
ligand lies directly along any axis. For this reason and also because there are only four ligands
in the tetrahedral complex, while in an octahedral complex there are six ligands. the tetrahedral
orbital splitting, A,is less than A, for the same metal ion. ligands and metal-ligand distances.,

A=4/9 A,

As a result, orbital splitting energies in tetrahedral complexes generally are not large enough t
force electrons to pair, and low spin configurations are rarely observed.




Crystal Field Splitting in an Octahedral Field
\

Energy

¢, - The higher energy set ot orbitals (f and o =)
ty, = The lower energy setotorbitals (d . d and d )

A, or 10 Dq - The energy scparation between the two levels

The e orbitals are repelled by an amount of 06 A,
The t,, orbitals to be stabilized to the extentof 04 A
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The higher energy set of orbitals (d,.. d,., d,) 1s labeled
as 1, and the lower energy set (d.2 and d2- ) 1s labeled
as e.

The crystal field splitting in the tetrahedral field is intrinsically smaller than in the octahedral
field. For most purposes the relationship may be represented as A, = 49 A,
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square Planar Complexes

The other common geometry is square

planar. It is possible to consider a square
planar geometry as an octahedral
structure with a pair of trans ligands
removed. The removed ligands are
“assumed to be on the z-axis. This changes
| the distribution of the d orbitals, as

orbitals on or near the z-axis become more

stable and those on or near the x- or y-

/ axes become less stable. This results in
the octahedral Irg and the ey sets splittinc

and gives a more complicated splitting
‘pattern (Figure 2)
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Figure 2. Splitting of the fzg setand the e
set of orbitals in a Square planar crystal
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What are High Spin Complexes?

'\
|
|

~ High spin complexes are coordination complexes |

containing unpaired electrons at high enerqy levels |
since they contain unpaired electrons, these high

? spin complexes are paramagnetic complexes. This

means these complexes can be attracted to an
external magnetic field.
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Figure 01: Energy Splitting Diagram for High Spin
Complexes

A high spin energy splitting of a compound occurs
when the energy required to pair two electrons is
greater than the energy required to place an
electron in a high energy state. Usually, octahedral
and tetrahedral coordination complexes are high
Spin complexes.




What are Low Spin Complexes?

Low spin complexes are coordination complexes
containing paired electrons at low enerqy leyels
Since there are no unpaired electronsg

v in the |ow
spin complexes (all the electron

5 are paired), they
are diamagnetic.

This means thege compaouneds
cannot be attracted to an external magnetic field
The low energy splitting of a compound accurs
when the energy required to pair two electrons is
lower than the energy required to place an electron

in a low energy state. Usually, square planar
coordination complexes are low spin complexes.
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Figure 02: Energy Splitting Diagram for Low Spin
Complexes

In order to determine whether a given coordination

complex is a high spin complex or a low spin
complex, we can use the following tips.

1. Determination of the shape of the complex

2. Determination of the oxidation state of the
metal centre

3. Determination of the d electron configuration

\Of the metal




,WWe Diffe.rence Between High \
5pin and Low Spin Complexes?

e key difference between high spin and low spin
_(_,,11plexes IS that high spin compleres contain
:H]paired electrons, whereas low SpIn complexes,
1end to contain paired electrons In high spin
omplexes, the energy required to pair up two
;lectrons IS greater than the energy required to
lace an electron of that complex in a high energy
evel. In contrast, in low spin complexes, the energy
required 10 pair two electrons is lower than the

energy required to place an electron in a high
anergy level.

i

\furthermore,  another  significant  difference

[between high spin and low spin complexes is that
5_ he high spin complexes are paramagnetic
‘ecause they have unpaired electrons, but low spin
omplexes are diamagnetic because they have all
flectrons  paired. Generally, tetrahedral and
“Ctahedral compounds are high spin while square
Planar compounds are low spin.
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This splitting is affected by the following factors:
» the nature of the metal jon.
» the metal's oxidation state. ...

- the arrangement of the ligands around the metal
jon.

» the coordination number of the metal (i.e.
tetrahedral, octahedral...)

» the nature of the ligands surrounding the metal
jon.
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