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d4     
 

 

 
 
 
 
 
 

ml 0

ml +1   0    -1

ml
+2  +1  0   -1   -2

ml +3  +2  +1  0   -1   -2    -3

s-orbital

p-orbitals

d-orbitals

f-orbitals
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For boron, there are two terms to consider 2P3/2 or 2P1/2. 

These are both doublet terms, and both have L = 1. For 

The p1 configuration, the p level is less than half-filled, and 

Therefore, the ground state level is the one with the lower 

Value of J, i.e. 2P1/2..(see the rules in next pages) 

 



 13 

 
 

 
 
 
 
 



 14 

For the relative energies of terms for a given electronic 
Configuration: 
 
1. The term with the highest spin multiplicity has the lowest 
Energy. 
2. If two or more terms have the same multiplicity (e.g. 3F 
And 3P), the term having the highest value of L has the 
Lowest energy (e.g. 3F is lower than 3P). 
3. For terms having the same multiplicity and the same 
Values of L (e.g. 3P0 and 3P1), the level with the lowest 
Value of J is the lowest in energy if the sub-level is less than 
Half-filled (e.g. p2), and the level with the highest value of J 
Is the more stable if the sub-level is more than half-filled 
(e.g. p4). If the level is half-filled with maximum spin 
Multiplicity (e.g. p3 with S=3/2), L must be zero, and J=S. 
 
 

What is the ground state term symbol for 
the following atoms 3Li, 14Si and 21Sc? 
 
Note: ground state term symbol for lowest 
energy configuration. 
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3Li: 1s22s1

ml 0

21Sc: 1s22s22p63s23p63d14s2

ml +2  +1  0    -1   -2

14Si: 1s22s22p63s23p2

ml     +1  0    -1

 ml = 0

 ms = + 1/2

 ml = 2

 ms = +1/2

 ms = +1/2

 ml = +1 + 0 = 1

+1/2 = +1

symbol 

2S + 1 = 2(1/2) + 1 = 2

L = 0        S

term symbol 2S1/2

J = L + S.... ... 

untile absolute value of 

  L  - S

J = 1/2

2S + 1 = 2(1/2) + 1 = 2

L = 2        D

J = 5/2 and 3/2

    2D5/2

     
    2D3/2

2S1/2

2S + 1 = 2(1) + 1  = 3

L = 1       P

J = 2, 1, 0

3P2, 3P1, 3P0
3P0

most stable

most stable

most stable
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4S    
S = 3/2                             (2S+1)(2L+1) = (2(3/2) + 1) ((2(0) + 1)) = 4 microstates 
L = 0 
 
J = 3/2  
J = 3/2 
4S3/2 

 
2P    S = ½               (2S+1)(2L+1) = (2(1/2) + 1) ((2(1) + 1)) = 6 microstates  
L = 1 
J = 3/2, ½ 
2D                            (2S+1)(2L+1) = (2(1/2) + 1) ((2(2) + 1)) = 10 microstates 
S = ½ 
L = 2 
J = 5/2, 3/2 
This is meaning range from L + S to absolute value of L - S 
 
Total 4 + 6 + 10 = 20 microstates 
 
See the discussion and rules next page 
 
 
4S3/2    most stable   (2J+1) = 2(3/2) + 1 = 4 microstates        
2P3/2       (2J+1) = 2(3/2) + 1 = 4 microstates 
2P1/2     (2J+1) = 2(1/2) + 1 = 2 microstates                              Total = 20 microstates 
2D5/2     (2J+1) = 2(5/2) + 1 = 6 microstates 
2D3/2     (2J+1) = 2(3/2) + 1 = 4 microstates 
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For a given electron configuration 
The combination of an S value and an L value is called a term, and 

has a statistical weight 

(i.e., number of possible microstates) of (2S+1)(2L+1); a combination 

of S, L and J is called a level. A given level has a statistical weight of 

(2J+1), which is the number of possible microstates associated with 

this level in the corresponding term; A combination of L, S, J and MJ 

determines a single state. 

As an example, for S = 1, L = 2, there are (2×1+1)(2×2+1) = 15 

different microstates corresponding to the 3D term, of which (2×3+1) 

= 7 belong to the 3D3 (J=3) level. The sum of (2J+1) for all levels in 

the same term equals (2S+1)(2L+1). In this case, J can be 1, 2, or 3, so 

3 + 5 + 7 = 15. 

 

 

****Optical spectroscopy of atomic nitrogen has revealed atomic 
levels arising from the 1s22s22p3 configuration at the energies listed 
below. The number of states observed when the atoms are placed in a 
magnetic field is also noted for each atomic level below. 
Identify the levels listed above with the atomic terms and levels, 
which you derived in previous page of this lecture. 
 

 
          *******Answer written by hand at the last column in this table 
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Why Molecular term symbols are important? 
 
As soon as ligands are coordinated to a transition-metal centre, a molecular 

symmetry is imposed and the d orbital split according to the ligand field. In 

these cases, molecular term symbols have to be used. 

 
Term               Components in an octahedral field 
S                     A1g 
P                     T1g 
D                     T2g+ Eg 
F                     A2g + T2g + T1g 
G                     A1g + Eg + T2g + T1g 
H                     Eg + T1g + T1g + T2g 
I                       A1g + A2g + Eg + T1g + T2g + T2g 
Similar splitting occur in a tetrahedral field, but the g 
labels are no longer applicable. 
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Correlation diagrams 

 
Electronic spectra of octahedral and tetrahedral 
complexes: 
We can draw a correlation diagram between atomic terms and molecular terms. For the d1 

electron configuration, we split the 2D term into 2T2g and 2Eg. The degree of splitting depends 

on the strength of the ligand field and has a value of Δo as shown below. 

 

 
Energy level diagram for a d1 ion in an octahedral field. 
 

 
 
Orgel diagram for d1, d4 (high-spin), d6 (high spin) 
And d9 ions in octahedral (for which T2g and Eg labels 
Are relevant) and tetrahedral (E and T2 labels) fields. In 
Contrast to Previous Figure, multiplicities are not stated because 
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They depend on the dn configuration. 

 
Orgel diagram for d2, d3, d7 and d8 ions (high spin) 
In octahedral (for which T1g, T2g and A2g labels are 
Relevant) and tetrahedral (T1, T2 and A2 labels) fields. 
Multiplicities are not stated because they depend on the dn 
Configuration, e.g. for the octahedral d2 ion, 3T1g, 3T2g and 
3A2g labels are appropriate. 
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Interpretation of electronic spectra: 
 
Tanabe--Sugano diagrams 
 

 
 
Tanabe–Sugano diagram for the d2 configuration 
in an octahedral field. 
 
Note:  
The simple correlation diagram had multiples of B 
On the energy axis to denote the 
Relative energies of the atomic terms. 
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Selection rules 
 
Electronic energy levels are labelled with term symbols. For the most part, we 
shall use the simplified form of these labels, omitting the J states. 
Thus, the term symbol is written in the general form: 
 

 
 
 
 
Electronic transitions between energy levels obey the following 
selection rules: 
 

 
 
We have seen some transitions are not allowed, for example, transitions where the spin of the 

electron in changed are spin-forbidden. This does not mean that such a transition will never 

occur, but that it is less likely and that the intensity (molar absorption coefficient) of such an 

absorption band is very low. Whether transitions are allowed or forbidden, and to what degree 

they may be forbidden depends on selection rules: 
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Charge transfer absorptions 
 
We introduced charge transfer bands in the 
 

 
 
Charge transfer transitions are not restricted by the selection 
Rules that govern ‘d–d ’ transitions. The probability 
Of these electronic transitions is therefore high, and the 
Absorption bands are therefore intense. 
 

 
 
 
 



 26 

Crystal field theory 
 

 
 

 
A subscript letter "g" or "u", standing for gerade (German for 'even') or 
ungerade ('odd'). 
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Splitting of the d orbitals in an octahedral crystal field, with the energy 
changes measured with respect to the barycentre, the energy level 
shown by the hashed line. 
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Octahedral crystal field stabilization energies (CFSE) for dn 
configurations; pairing energy, P, terms are included where appropriate. 
High- and low-spin octahedral complexes are shown only where the 
distinction is appropriate. 
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Octahedral field spin-triplet terms arising for d2 

 
 
 
 

The Jahn–Teller effect, sometimes also known as 
Jahn–Teller distortion 
 
The Jahn–Teller effect is most often encountered in octahedral complexes of the transition 

metals, and is very common in six-coordinate copper (II) complexes.[2] The d9 electronic 

configuration of this ion gives three electrons in the two degenerate eg orbitals, leading to a 

doubly degenerate electronic ground state. Such complexes distort along one of the molecular 

fourfold axes (always labelled the z-axis), which has the effect of removing the orbital and 

electronic degeneracies and lowering the overall energy. The distortion normally takes the 

form of elongating the bonds to the ligands lying along the z axis, but occasionally occurs as a 

shortening of these bonds instead (the Jahn–Teller theorem does not predict the direction of 

the distortion, only the presence of an unstable geometry). When such an elongation occurs, 

the effect is to lower the electrostatic repulsion between the electron pair on the Lewis basic 

ligand and any electrons in orbitals with a z component, thus lowering the energy of the 

complex. If the undistorted complex would be expected to have an inversion centre, this is 

preserved after the distortion. 

d1  d2  d4  d6   d7   d9 
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Molecular Orbitals. 

 
Molecular Orbitals in Diatomic Molecules (Like F2, O2, F2……………..etc.) 
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Oh 
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For example     [Co(NH3)6]+3 -donor 
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Approximate partial MO diagrams for metal-ligand -bonding in an octahedral 

complex (a) with -donor ligands and (b) with -acceptor ligands. In addition to the 

MOs shown bonding in the complex involves the a1g and t1u MOs. 

 

For example (a) [CoF6]-3          donor 

For example (b) [Fe(CN)6]-3           acceptor 

 

 

 

 



 44 

Note: 

1)       eg       

       t2g       
2) HOMO: highest occupied molecular orbital 
3) LUMO: lowest unoccupied molecular orbital 

4) More symmetry, less intensity, Cis more stable than Trans. 

5) 
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In Oh system 
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Using a group theoretical approach, construct a MO energy level diagram for 

tetrahedral CH4. Include appropriate symmetry labels and discuss the logic used as well 

as any assumptions made in the construction of the MO diagram.  

 

 

 

First, identify valence orbitals of the atoms involved in the bonding: the valence orbitals of 

the Carbon atom are 2s, 2px, 2py, and 2pz orbitals while each hydrogen atom has a 1s orbital. 

Next, figure out the symmetry of the orbitals involved. Thus, we make SALC’s of the 

hydrogen 1s orbitals 

 

 

carbon 
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Qualitative orbital energy level diagram for Td AX4 molecule 

 

Using group theory, construct a MO energy level diagram showing sigma bonding only 

for [Ti(CO)6]2-. Include appropriate symmetry labels for all orbitals and discuss the 

logic used as well as any assumptions made in constructing your MO diagram. Draw the 

MO diagram using the template labeled [Ti(CO)6]2-. 

 

 

First, identify valence orbitals of the atoms involved in the bonding. The valence orbitals of 

the titanium atom are the five 3d-, 4s-, and three 4p orbitals. The CO ligands form sigma 

bonds though their 3σg HOMO. Next, we figure out the symmetry of the orbitals involved. 

Thus, we make SALC’s of the CO donor sigma orbitals: 
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Q1     For [Cr(H2O)6]+3      show the effect in Oh 

environment and determine ground state: 

For d3      High spin.                t2g
1 X t2g

1 X t2g
1                 
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For d3  

 

       ml     +2    +1   0   -1    -2 

 

ml = 2 + 1 +0 = 3 

L = 3           F 

 

4F 

 
Note: 

 Totally symmetric representation, A1, with all characters = 1                                                     
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Q2)   Show the transition A1        to B1    in D2d  in Z-
direction and X,Y-direction: 
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Q3 :   Show the transition B2        to E    in C4v  in Z-
direction and X,Y-direction: 
-----   a) 

 
b) Show the transition A1u        to T1g    in Oh and 
X,Y,Z-direction: 
 

 
 
 
 
 

Q4) which of the following molecules more Δ: 
Q5 Determine the kind of transition allowed or 
forbidden in the following molecules: 
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Q7: Describe  the transition in Ti+3: 

 
 
 
 
 
 

Q7 
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Q8: See the orbitals in the following scheme below and 
determine all the kind of the following transition in 
different direction, and also determine the number of 
modes in rotational, translational and vibration. 
 

 
 

Q8 
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Q9) a) determine the number of modes in rotational, 
translational and vibration: 
b) Determine the active and inactive in both Raman and 
IR: 
c) Determine C-C, C-H and C-C-H: 
Q10) The interaction of [M(CO)6] with triphenylphosphine gives two complexes 
with the formula [M(CO)4{P(Ph)3}2]. Assign the isomers to point groups (treat the 
phosphines as point ligands – i.e., ignore their symmetry, Note: X: PPh3). The 
carbonyl stretching frequencies at about 2000 cm-1 are well isolated from other 
vibrations in the molecules. 
Derive the symmetry (Mulliken label) of each CO stretching frequency, and tell 
whether it is IR and/or Raman active 
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Q9 



 59 

 



 60 

 
The trans isomer has 3 (CO) absorptions: Eu is IR active; A1g and B1g are Raman 
active, 

 

           Q10 
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Q11) Show all transitions of Co+2 in Oh high spin: 

 

Q11 
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Q12) Show all transitions in the 
following 1) K3CoF6 2) Cr+3 (high spin 
in Oh) 3) Cr+2(high spin in Oh) 4) 
Fe+2(high spin in Oh) 5) Mn+2(high spin 
in Oh)   6) Ti+3(high spin in Oh) 7) 
V+3(high spin in Oh): 

 

Q12 
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