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[ onystal Field Theory (CFT)
*haor was proposed by Bethe and Van Vieck. This theory was originally applied mainly to fonic
N T o i oo caled CFT.

Jasumptions of CFT
T e cysal ik theory ollowing assumpionsarc made;

e metl eaion is surounded by lignds which conain alest ¢ lone pair of
electrons.

(@) The ionic ligands (¢,

F, 01, ON" etc) are regarded as negative point charges or simply point
charges and the neutral ligands (e. €O, NHy, H:0 etc.) are regarded as point dipoles or
simply dipoles. If the ligand is & ‘heutral molecule such as NH;, H:O ete, the negative end of
e the molecule s direced towards the cetral metal ot

(9 There i o interaction between meta orbials and Jigand orbitals Le., there is no orbitals

verlap.

il @ According to this theors,

butit

the bonding between central metal caion and ligand is not covalent
7% vdcd as purely clecrosatic. Thu the bonding in complex may b fon-ion attraction
) el metlcation an negative ligands suchas Co'”and CT [f the ligand is neutral
g may b fonipol atracton such as Cr” and Ni or CO. N has dipole moment
i he 3. charge on N and 5+ charge on H atom. Ths i [CHNHy ) the 8- harge on theN
atom of each NH; molecule point towards the cr' ion.

(| (& Te-d orbials on the metal allhave the same encigy (that s degenerate) n the free atom.
o hena complex s formed the ligands detroy the degeneracy of thse orblas, |

! the orbials now have different energics. In an isolated gascous ‘metal ion, the five d orbitals do
e e encrgy, and are termed degenerate If a spherically symmetrical feld of
negative charges surrounds the metal ion, the d orbitals remain degenerate, However, the energy
. s s rised becuase ofrepulson between the field and th clectron on the metal. In
et complexes,eithersix o fourigands suround the meta,giving octahedral
o terahedral stractures. I both of these cases the field produced by the ligands is not
Soherially symmelrical. Thusthe d orbials are not llafected cqually by the ligand fild

.




ystal Field Splitting of d-orbitals in Octahedral Complexes

un octahedral comples, the central metal cation is at the centre (origin) of the octahedron and the
ds are at the six comers of the octahedron as shown in the figure. The axes x, y and z point to three
scent comers of the octahedron.

Now suppose the ligands on cach of the three axes are allowed to approach towards the central
sl cation (M"™) from both the ends of the axes. In this process the electrons in d-orbitals of the central
al cation are repelled by negative point of point charge or by negative end of the dipole at the ligands.
: repulsion will raise the energy of all the five d-orbitals. If all the ligands are symmetrically
tioned (ligands are at equal distance from each of the orbitals), the energy of each of five d-orbitals
nise by the same amount (i all the d-orbitals will still degenerate), but now they will have higher
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Measurement of value of a,
The size of the energy gap 4, between the 25 314 ¢, levels can be measured easily by recording i
‘¢ complex. Consider a complex like [TitH,0) " The Ti*" ion has one
15 will occupy the orbital with the lowest encrgy; hat is one of the 1, orbi
(figure (2)). The complex absorbs light of the correct wavelength (energy) to promore. the electron fio”
the t25 level to the ¢, level (fgure (b),

UV-visible spectrum of th
electron. In the complex th
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= sove method is the most convenient way of measuring 8 values. However, &, values can also be

~d fom values of observed lattice energies and those calculated using the Born-Lande equation.

Soluton containing the hydrated Ti** ion are purple coloured. This is because yellow and green

e sbsorbed 1o exite the clectron. Thus the transmitted light i the complementary colour red-

i,

st ofhe erystal field splitting of d orbital, the single d electron in [Ti(H,0);]"* occupies an energy.

41253, below the average energy of the d orbitals. As a result the complex.is more stable. The erystal

el sabilization energy (CFSE) is in this case 2/5 % 243 =97 kJ mol”.
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