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5.04, Principles of Inorganic Chemistry II 

Lecture 18: Spectrochemical Series (Oh) / Descent in Symmetry 

The AOM method has provided a quantitative measure of the d-splittings. The 

eg/t2g splitting (called the octahedral ligand field splitting �0= 10Dq). 

Follows the general trend. 

�-donor  �-only �-acceptor 

Point to consider about the �0 splitting: 

1) charge on the metal 

As charge �, electrostatic attraction between M and L �, M-L bond distance � 
and SML �. Also as charge �, M becomes more electronegative, decreasing �EML. 

Both trends lead to a greater field strength for the more highly charged ion. 

�0 / cm
-1 

�0 / cm
-1 

�0 / cm
-1


Cr(H2O)6
2+ 14,100 V(H2O)6

2+ 12,300 Co(H2O)6
2+ 9,300


Cr(H2O)6
3+ 17,000 V(H2O)6

3+ 18,600 Co(H2O)6
3+ 18,200


2) the nature of the metal ion 

radial extension of 2nd and 3rd row TMs is greater… thus SML larger, leading to 

the following trend in �0: 1
st row TM << 2nd row TM ~ 3rd row TM 

�0 / cm
-1 

Co (NH3)6
3+ 22,870 

Rh (NH3)6
3+ 34,100 

Ir (NH3)6
3+ 41,200 
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3)	 nature of ligand 

different ligands have different SML for a given metal ion. Can assess by 

measuring �0 for different L’s about a given metal ion of given charge

�0 / cm
-1	

�0 / cm
-1 

V(H2O)6
3+ 18,560 Rh(H2O)6

3+ 27,000 

VF6
3- 16,100 Rh(NH3)6

3+ 34,000 

VCl6
3- 12,200 RhCl6

3- 20,300 

V(CN)6
3- 23,850 Rh(CN)6

3-
� 50,000 

  Cl  - < F- < OH2 < CN - Cl- < OH2 < NH3 < CN -

From experiments such as these, may deduce a general ranking of ligands in 

terms of field strength… this ranking is called the spectrochemical series: 

I- < Br - < S2- < SCN - < Cl - < S2- < F - < O2- < OH - < H2O < NH3 < CN - < CO < NO+ 

weak field strength (small �0) strong field strength 

(large �0) 

�-donors �-only �-acceptors 

In the above series, the ligand type has been overlayed onto the 

spectrochemical series. As is readily apparent from the energetic disposition of 

�0, �-donors give weak ligand fields, �-only ligands give intermediate fields and 

�-acceptors ligands give strong fields. 

4 
4) number and geometry of ligands… i.e. �

t 
= � �

0 

9 
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x 

Descent in Symmetry… Oh Ligand Field �… 

The MO diagram for Oh complexes proves to be a convenient starting point for 

deducing the electronic structure of many lower symmetry metal complexes. For 

example, consider Co(CN)5Br3

z 
Could build MO from first principles… alternatively, 

may correlate electronic structure of this C4v 

complex to its Oh parent Complex, Co(CN)6
3

Br

CN


 Co(CN)6
3-
� Co(CN)5Br3

yNC Co CN Oh C4v 

NC 
CN 

Consider perturbations to � and � interactions upon substituting �-accepting CN -

with �-donating Br -. First let’s simply remove the CN - ligand, 

eg 2 2
b1 (x -y )Co-CN �* 

2
az (dz 

e


Co-CN � b2 (xy)

t2g


) 

not greatly perturbed by substitution 

along z 

was M-L�*…thus removal of 1 � ligand 

from the z axis will stabilize a1 

dxz, dyz destabilized owing to the 

removal of 1 M-L � bonding interaction 

in plane and nodal with respect to � and 

� along z … thus not greatly perturbed 

by substitution 

Oh C4v 
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Addition of Br - to C4v fragment will give rise to the new interactions: 

�: Br (pz) will interact with dz2, s, and pz of metal. All of these will be

 M-L �*with regard to M orbitals, M-L � with regard to ligand 

�: Br (px, py) will interact with dxz and dyz (M-L�*) 

(4px, 4py) e e �*(M-CNeq) 

a1 �*(M-CNax) + �*(M-Br) 

(4pz) a1 

�*(M-CNeq) + �*(M-CNax) + �*(M-Br) 

a1 Below M-L �* (Co-CN) orbital because Co-Br 
(4s) a1 interaction is not as great as �*(Co-CN) 

interaction 

(3dx
2
-y

2
) b1 b1 �*(M-CNeq) Br 

a1 �*(M-CNax) + �*(M-Br)


2

(3dz ) a1 

C


e �(M-CN) + �*(M-Br) N


(3dxz, 3dyz) e


Br(3dxy) b2 b2 �(M-CN) 

N NC C 

e (px, py) 
C 

a1 (pz) e N 

a1 

-
Br 

Br 

C4v 

Oh 
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