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Crystal Field Theory (C.F.T.) 
 

Postulates of crystal field theory are: 

 

(i) In a coordination compound there are electrostatic interaction between metal atom/ion 

and ligands. Ligand assumed to be a point charge 

(ii) In an isolated metal atom or ion all five d-orbitals have equal energy i.e. they are 

degenerate 

(iii) When metal atom/ion gets surrounded by ligands, there occur interaction between d-

electron cloud of metal atom/ion and ligands 

(iv) If the field due to ligan around metal atom is spherically symmetrical, d-orbitals of 

metal remains degenerated 

(v) If filed due to ligand surrounding metal is unsymmetrical ( as in octahedral and 

tetra hedral complexes) the degeracy of d-orbitals is splitted into two sets of 

orbitals 

(vi) Orbitals lying in the direction of ligands (point charges) are raised to higher 

energy state than those orbitals lying between theligands ( point charges) 

(vii) The energy difference between two sets of orbitals is denoted by ∆o for 

octahedral and ∆t for tetrahedral 

(viii) The magnitude of ∆o and ∆t depends upon the field strength of ligand around 

the metal 

(ix) Ligands which cause larger splitting ( large ∆) are called strong field ligands 

while those which causes small splitting (small ∆) are called weak filed ligands 
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Spectrochemical series: 
 
Arrangement of ligands in order of their ability to cause splitting (∆) is called 

spectrochemical series 

I- < Br- <S2- <SCN- <Cl- <F- <OH- <C2O4
2- <O2- <H2O <NCS- < NH3 < en < NO2

- <CN- <CO 

 
The spectrochemical series is an experimentally determined series. It is difficult to explain 

the order as it incorporates both the effect of σ and π bonding. 

A pattern of increasing σ donation is as follows: 

Halides donors < O donors < N donors < C donors 

 

Crystal field splitting in octahedral complexes:  

 
The octahedral arrangement of six ligands surrounding the central metal ion can be shown as: 

follows 

 
It is obvious from the figure, that ligands approaching the x, 

y, and z axis. The two d orbitals namely d(x2 –y2) and d(z2) 

will suffer more electrostatic repulsion and hence their 

energy will be grater than other three orbitals d(xy), d(yx) 

and d(xz) which will have their lobes lying between the axis 

Thus degenerate set of d-orbitals split into two sets: 

eg orbitals of higher energy including d(x2 –y2) and d(z2) 

and t2g orbitals of lower energy including d(xy), d(yx) and 

d(xz) 
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The crystal field splitting is measured in terms of energy difference between t2g and eg orbital 

and is denoted by a symbol ∆o . It is generally measured in terms of Dq. It is called as crystal 

field splitting energy or crystal field stabilization energy 

Eg orbitals are 6Dq above the average energy level and t2g orbitals are 4Dq below the average 

energy level. 

Significance of ∆0: 
A strong field ligand approaches the central metal atom/ion strongly and thus the 

magnitude of ∆0 is high. Hence in the case of strong field ligand, the magnitude of 

∆0 is grater than, the pairing energy ( the energy required to pair up two negatively 

charged electrons having opposite spin in an orbital). However, under the influence 

of weak field ligand, ∆0 is smaller than pairing energy (P). Now, let us consider the 

d4 configuration of the central atom/ion. The first three electrons will go into t2g 

orbitals using Hund’d rule of maximum multiplicity. The fourth electron will go in 

the eg orbital when the ligands are weak as, ∆0 < P giving the configuration t 3e 1. 

But if the ligands are strong, then the fourth electron will pair up when any of the singly 

occupied t2g orbitals (as ∆0 >P) to give the configuration t 4e 0 
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∆ ≈ − ∆ 

 

Crystal field splitting in tetrahedral complexes: 
The tetrahedral arrangement of four ligands 

surrounding the metal ions can be shown as shown 

in figure. It is obvious from the figure that none of 

the d- ornital point exactly towards the ligands. 

However, three d-orbitals d(xy), d(yz) and d(zx) are 

pointing close towards ligands. As a result of this, 

the energy of these three orbitals increases much  

 

more than the other two d- orbitals d(x2 –y2) and d(z2). The d-orbitals thus split in two sets of 

orbitals: t2g orbitals of higher energy including d(xy), d(yz), d(xz) and eg orbitals of lower energy 

including d(x2 –y2) and d(z2) Energy difference between two sets of orbitals is represented by ∆f. 

However splitting is much smaller than that in octahedral complexes 

4 
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Negative sign denotes that order of splitting in tetrahedral complexes is reverse of that in 

octahedral complexes. Because of the small value of ∆t, electrons generally do not pair and 

results in formation of high-spin complex. 
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Limitation of Crystal field theory: 

The crystal field model is successful in explaining the formation, structures, colour and 

magnetic properties of coordination compounds to a large extent. However, from the 

assumptions that the ligands are point charges, it follows that anionic ligands should 

exert the greatest splitting effect. The anionic ligands actually are found at the low end 

of the spectrochemical series. Further, it does not take into account the covalent 

character of bonding between the ligand and the central atom. These are some of the 

weaknesses of CFT, which are explained by ligand field theory (LFT) and molecular 

orbital theory 
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