
Rework Test 3 and hand in on Wednesday, December 15 

Today Ligand Field Theory Section 10.3
Section 10.1 Experimental Data Used in when 
Describing Bonding in Coordination Compound


Section 10.2 Crystal Field Theory
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Thermodynamic Data and Formation Constants Section 10.1.1 
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[M(H2O)6]Z+(aq) + NH3 (aq) [M(NH3)(H2O)5]Z+(aq) + 1 H2O (l) 17,000

For Cu Z = 2, for Ag Z = 1

K

Cu2+ Ag+

2,000

[M(H2O)6]Z+(aq) + F– (aq) [M(F)(H2O)5](Z+ - 1)(aq) + 1 H2O (l) 8 0.68

[M(H2O)6]Z+(aq) + Cl– (aq) [M(Cl)(H2O)5](Z+ - 1)(aq) + 1 H2O (l) 1.2 1,200

[M(H2O)6]Z+(aq) + Br– (aq) [M(Br)(H2O)5](Z+ - 1)(aq) + 1 H2O (l) 0.9 20,000
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Thermodynamic Data and the Chelate Effect Section 10.1.1
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[Cd(H2O)6]2+(aq) + 4 CH3NH2 (aq) [Cu(NH2CH3)4(H2O)2]2+(aq) + 4 H2O (l)

ΔH° 
(kJ/mol)

ΔS° 
(K kJ/mol) Κ

–57.3 –67.3 3.3 x 106

[Cd(H2O)6]2+(aq) + 2 en (aq) [Cu(en)2(H2O)2]2+(aq) + 4 H2O (l) –56.5 14.1 4.0 x 1010
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Hunds rule says that e–’s will singly occupy degenerate orbitals before pairing


Diamagnetic compounds are slightly	 	 	 	 	 Paramagnetic compounds are

      repelled by magnetic fields		 	 	 	 	 	   attracted to magnetic fields


Magnetic Susceptibility Section 10.1.2
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Magnetic Susceptibility is related to magnetic moment 





or with some approximating….


and magnetic moment is related to the total spin magnetic moment (the spin quantum 
number S) 


and the orbital angular momentum (L) is the maximum possible sum of the ml values for an 
electron configuration 

Magnetic Susceptibility Section 10.1.2
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µ = 2.828 (χT)1/2 µS+L = g[S(S + 1) + [1/4 L(L + 1))]1/2

µS = (n(n + 2))1/2
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for N


for Fe 

S and L Section 10.1.2
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Electronic Spectra Section 10.1.3
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Crystal Field Theory


Electrostatic approach where d orbital splitting is explained using an ionic model


Ligand Field Theory


MO approach that describes bonding in terms of ligand HOMO/LUMO interactions with 
metal orbitals


Angular Overlap Method


A method for estimating the energies of the the orbitals 

Bonding Models Section 10.1.4
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Crystal Field Theory Section 10.2.1
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Oh Point Group Review

Oh E 8 C3 6 C2 6 C4 3 C2 
(C42)

i 6 S4 8 S6 3 σh 6 σd

A1g 1 1 1 1 1 1 1 1 1 1 x2 + y2 + z2 

A2g 1 1 -1 -1 1 1 -1 1 1 -1

Eg 2 -1 0 0 2 2 0 -1 2 0  (2z2 – x2 – y2, 
x2 – y2)

T1g 3 0 -1 1 -1 3 1 0 -1 -1 (Rx, Ry, Rz) 

T2g 3 0 1 -1 -1 3 -1 0 -1 1 (xy, yz, xz)

A1u 1 1 1 1 1 -1 -1 -1 -1 -1

A2u 1 1 -1 -1 1 -1 1 -1 -1 1

Eu 2 -1 0 0 2 -2 0 1 -2 0

T1u 3 0 -1 1 -1 -3 -1 0 1 1 (x, y, x)

T2u 3 0 1 -1 -1 -3 1 0 1 -1
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Crystal Field Theory Section 10.2.1
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Crystal Field Stabilization Energy compares the energy of the electrons in a spherical field to the energy 
of the electrons in an octahedral field





CFSE = EOctahedral - Espherical	 


	 	 Espherical = 0 + pairing energy	 	 Eoctahedral = (# e– x -0.4ΔO) + (# e– x 0.6ΔO) 

Crystal Field Theory Section 10.2.1
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ΔO
0.6 ΔO

0.4 ΔO
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Compares the energy of the metal ion in a spherical field of electron density to the energy of 
the metal ion in an octahedral field (or the appropriate field for the geometry of the complex)


ΔO can be determined using spectroscopic techniques


Number of unpaired spins can be determined by using magnetic spectrometry


Finding the Δo and electronic structure of the metal allows us to compare the relative effect 
that ligands have on a metal


Does not account for stabilization due to bonding

Crystal Field Theory Section 10.2.1
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