
























first ionization energy minimum 
energy required to remove an electron 
from the neutral gaseous atom (or 
molecule) 
Ca+ from Ca   589.81 kJ/mol 
Ca2+ from Ca     1734.80 kJ/mol 
  Ca2+

(g) + e-    E(Ca2+) 
 
 
 
    IE2 =1145.0 kJ/mol  
 
 
 
↑  Ca+

(g) + e-    E(Ca+) 
 
    IE1 =589.81 kJ/mol 
E    Ca(g)    E(Ca) 
 
IE1 = E(Ca+) - E(Ca) 
IE2 = E(Ca2+) - E(Ca+) 



electron affinity energy released when 
an electron is added to an atom or molecule 
 
  Cl(g) + e-    E(Cl) 
↑ 
 
E    Cl-(g)   E(Cl-) 
 
EA = E(Cl) - E(Cl-). 
 
EA is positive or negative,  
depending on which is lower in energy,  
the neutral atom or the negative ion: 
 
Note that the definitions of IE and EA 
appear to be opposite,  
 IE1 ≡  E(+ion)  -  E(neutral) 
 EA ≡  E(neutral) - E(- ion)  
but the energy change is associated with 
electron detachment process in both cases, 
with the energy difference IE and EA being 
defined for the neutral atom  
 

























Similarly  
 D2 = (2!)-½  | Φ1sβ(1)  Φ2sβ(1) | 
     | Φ1sβ(2)  Φ2sβ(2) | 
=(2!)-½{Φ1s(1)•Φ2s(2)-Φ2s(1)•Φ1s(2)}× β(1)•β(2) 
      space      spin 
D3 = (2!)-½ {Φ1sα(1)•Φ2sβ(2) - Φ2sβ(1)•Φ1sα(2)} 
and 
D4 = (2!)-½ {Φ1sβ(1)•Φ2sα(2) - Φ2sα(1)•Φ1sβ(2)} 
 
We need to form linear combinations  
of D3 and D4 in order to be able to factor out 
space and spin: 
(2!)-½ (D3+D4) = (2!)-½{Φ1s(1)•Φ2s(2) -       
  Φ2s(1)•Φ1s(2)}(2!)-½{α(1)•β(2) + β(1)•α(2)} 
 
(2!)-½ (D3-D4) = (2!)-½{Φ1s(1)•Φ2s(2) +       
   Φ2s(1)•Φ1s(2)}(2!)-½{α(1)•β(2) - β(1)•α(2)} 
All four are antisymmetric with respect to 
interchange of electrons 1 and 2.  
 



















SPIN-ORBIT COUPLING  
The ⎥ l s; j mj〉 states 
 
Two-component function for the 2P3/2 state: 
                ⎧   [l+½+mj]

½Yl mj -½(θ,φ) • α ⎫ 
   1     Rnl (r)     ⎢             ⎥    
[2l+1]½    

                  ⎩-[l+½ -mj]
½Yl mj +½(θ,φ) • β⎭ 

 

and the 2P1/2 state: 
                ⎧   [l+½ -mj]

½Yl mj -½(θ,φ) • α ⎫ 
   1     Rnl (r)    ⎢             ⎥    
[2l+1]½       

           ⎩ [l+½ +mj]
½Yl mj +½(θ,φ) • β⎭ 

 

Note that due to spin-orbit coupling, the 
good quantum numbers are l s j mj              
not ml  not ms  
 
Neglecting spin-orbit coupling: 
      ⎧   Rnl (r) Yl m (θ,φ) • α ⎫ 
                                  ⎢                     ⎥   
                                      ⎩  Rnl (r) Yl m (θ,φ) • β ⎭ 




















