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Diatomic Molecules 
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Energy eigenvalues: 
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n = 0 gives the ground state 
n = 1 is the 1st excited state 
 
In 2D: 
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Hence, the TISE becomes: 
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Where: 
 ( )yx,ψψ =  
 
Now: ψψ EH =ˆ  
Where: 
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For the 1D SHO: 
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Hence, get degeneracy of energy states… where more than one state has the same 
energy. 
If two or more states have the same energy, any linear superposition of them is 
another energy eigenfunction with the same energy. 
 
Angular Momentum: 
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Thus, the z-component of angular momentum is: 
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Or, in plane polars: 
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Postulate: 
 
 ( ) ( ) ( )φφψ Φ= rRr,  
 
Which should satisfy the eigenproblem: 
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Which has solutions: 
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Thus: 
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 hmLz =   ,...3,2,1,0 ±±±=m  
 
Thus: 
 
 ( ) ( ) φφψ imerRr =,  
 
“Quantised angular momentum in units ofh ” 
 
Thus, energy eigenfunctions are of the form: ( ) φimerR . 
Notice that; 
 [ ] 0ˆ,ˆ =zLH  
Which means that they commute. 
In 3D we get: 
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Which means that two components ofL cannot have simultaneously definite values. 
Only one component can have a definite value. 
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Thus can have simultaneously definite values of 2L̂ and zyx LLL ˆ/ˆ/ˆ . 
Now: 
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Which is the angular part of the Laplacian 2∇ , in spherical polars. 
 
Now, consider the TISE in 3D, for motion in a central potential: 
 ( ) ( )rVrV →φθ ,,  
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Hence: 
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Now, in spherical polars, the Laplacian is: 
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Thus the TISE becomes: 
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Now, from before: 
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Hence, the TISE reduces to: 
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Which shows the radial and angular components of kinetic energy… the rotational 
part is: 
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Eigenfunctions & eigenvalues of 2L̂ : 

- Simultaneously eigenfunctions of zLL ˆ&ˆ2 . 
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zL̂ must have φime as the phi-dependence. Thus: 
  
 ( ) ( ) φθφθ imePF =,  
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Putting into 2L̂  
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Write 22 hλ=L . Hence: 
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Which has sets of solutions, with: 
 
 ( )1+= llλ   ,...3,2,1,0=l  
 
        ,...42,30,20,12,6,2,0=∴λ  
l is thus the “orbital quantum number”. 
For eachl there is an “m”: 
 
 ( ) ( ) ( ) llll ,1,...,1,0,1,...,1, −+−−−−=m  
 
m is the “azimuthal quantum number”. 
Note: 
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Eigenfunctions of 2L̂ are: 
 ( )θcos,mPl  
Or: 
 ( ) ( ) φθφθ im
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Which is a “spherical harmonic”. 
Thus: 
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