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The larger the crystal-field splitiing （Δ）, the 

higher will be the frequency of light absorbed most 
strongly（ν）, and the shorter its wavelength（λ）.



Δ more
ν more
Λ less

hν = Δ

Δ less
ν less
Λ more



Spectrochemical Series



• As we have noted 
earlier, strong-field 
ligands cause a large 
split in the energies of 
the d orbitals of the 
central metal atom. 

• Transition metal 
coordination
compounds with these 
ligands are yellow, 
orange, or red since 
they absorb higher-
energy violet or blue 
light. 

•On the other hand, 
coordination compounds of 
transition metals with weak-
field ligands are blue-green, 
blue, or indigo since they 
absorb lower-energy yellow, 
orange, or red light.



[Co(NH3)5Cl]2+ Purple compound

absorbs yellow green region

( wavelength of 530 nm)

[Co(NH3)6]3+ orange compound

absorbs violet region

(wavelength of 410nm) 

d10 (Zn2+, Ag+ complexes) is colorless



C. K. Jørgensen’s f and g factors

Do = f (ligand) · g (metal)

Do in 1000 cm-1 (Kkiesers)

g factors f factors

3d5 Mn(II)     8.0 Br - 0.72

3d8 Ni (II)     8.7 SCN - 0.73

3d7 Co(II)     9.0 Cl - 0.78

3d3 V(II)      12.0 N3
- 0.83

3d5 Fe(III)   14.0 F - 0.90

3d3 Cr(III)    17.4 oxalate2- 0.99

3d6 Co(III)   18.2 H2O                                           1.00

3d9 Cu(II)      9.5 NCS - 1.02

3d4 Cr(II)      9.5 CH3CN 1.22

4d6 Ru(II)     20.0 pyridine                                     1.23

3d3 Mn(IV)   23.0 NH3 1.25

3d3 Mo(III)   24.6 en (ethylenediamine)                1.28

4d6 Rh(III)    27.0 bipy (2,2’-bipyridine)               1.33

4d3 Tc(IV)    30.0 Phen (1:10-phenanthroline)      1.34

5d6 Ir(III)      32.0 CN - 1.70

5d6 Pt(IV)     36.0
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LMCT :



3d 4d 5d
Compariso

n amongst 

3d,4d and 

5d 

indicated 

that, 3d are 

comparativ

ely easy to 

be reduced 

than 4d/5d

Higher oxidation states of the metal 

ions are easy to be reduced than the 

lower ones

Probing 4d/5d :



The charge transfer process is similar to the internal redox

process because electron transfer takes place during this process

from metal to ligand or ligand to metal within a

complex/compound. In heavier transition metal complexes the

latter is generally observed. Thus, it is possible to classify and

rank the metal ions according to their oxidising power Rh4+ > Ru4+

> Ru3+ > Pd2+ > Rh3+, etc. Greater the oxidising power of the metal

ion and also greater the reducing power of the ligands, lower the

energy at which the C.T. bands appear.

Among the oxo ions of 4d series elements, the decreasing

order of energy of ligand to metal charge transfer is as

follows: NbO4
3- > MoO4

2- > TcO4
-

But, the energy of charge transfer increases for the similar

ions of 5d-series elements. For the above ions, the energy

difference between 2p-orbitals of oxide ion and 4d-orbitals of

the metal ions is very large lying in UV region and hence

these ions are colourless.



It has been observed that the d-d transitions (electronic spectra) of the

compounds/complexes of third transition (5d-) series elements are less important

than those of the complexes of first transition series elements because more

energy is required for causing d-d transitions due to greater value of ∆, the crystal

field splitting energy. In the octahedral ligand field the increasing ∆0 is as follows:

Ir3+ < Re4+ < Pt4+, etc

For 5d-series, because of the larger magnitude of ∆ (crystal field splitting energy), 

the d-d bands are found at lower wavelengths or higher frequency and hence, 

overlap with the charge transfer bands. 

Thus, it is possible to classify and rank metal ions according to their oxidising

power: Os4+ > Re4+ = Os3+ = Pt4+ > Pt2+ > Ir3+

Greater the oxidising power of the metal ion and also greater the reducing

power of the ligand, lower the energy at which the charge transfer (L→M)

bands appear.



MMCT :

electronic transition occurs from Ru(II) to Ru(III) through Pyz-bridging 

ligand leading to intense coloured above complex

Similarly, Mo2Cl8
4- is red coloured



Probing 4d/5d :

3d elements are readily reduced than
4d/5d congeners. This is due to larger
intensity of 3d metal charge transfer
bands than 4d/5d congeners.
Higher the OS of M ion, more is the
tendency of M to get reduced and
larger is the intensity of absorption of
respective charge transfer band



Within any periodic group, Δo increases down a group 

(3d < 4d < 5d). This is due to the larger size of the 4d or 5d 

orbitals compared with 

the compact 3d orbitals and the consequent stronger 

interactions with the ligands.

With this, corresponding energy transition increases and 

decreases

Probing 4d/5d :



Probing 4d/5d :



Probing 4d/5d :



Probing 4d/5d :



Probing 4d/5d :
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