
Homework IP/EA of Atoms
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Periodic table
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Results?
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IP kJ/mol EA kJ/mol 2nd IP kJ/mol 3rd IP kJ/mol

HF/3-

21G Exp

HF/3-

21G Exp

HF/3-

21G Exp

HF/3-

21G Exp

Ne 1860 2081 6849 4356 3952

Na 473 496 -32 -53 4583 4562

Fe 686 759 223 15 2002 1561

Mo 127 72 4196 3891

I 909 1008 191 295

Cs 335 376 -44 46 2204 2234



Calculated Ionization Energies
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He

Ne

Ar



Calculated Electron Affinites
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He: Calc

5332 Ne: Calc

6849

Ar: Calc

1869

In this plot the ones without experiment are made zero

Positive means anion is more 

stable than neutral



H2
+ molecule
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Solve Secular Equation
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Energy Lowering and Rising
At equilibrium of E+
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If S=0 then E=0, S>0 then E>0 rising is more than lowering!
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Is energy of lowering much more 

than the energy of rising?∆𝐸



Bonding Orbital Compare With Exact
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Our 

present 

answer

Exact 

answer



Antibonding Oribital 
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Additional Orbitals

Larger coefficient means 

smaller orbital
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Bonding Orbital Compare With Exact
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Using optimized ζ

Using adding in 2Pz



Basis Set

• If you use more atomic orbitals to define the 

molecular orbital usually the energy gets 

closer to the exact solution

Using a bigger basis set to describe the system

• However bigger basis set you need more 

time to calculate.  

• Changing coefficient on basis set is also 

important
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Addition of Orbitals
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Adding in the contribution from 2pz
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Questions

• Why does using a smaller atomic 

wavefunction help?

• Why does adding a 2p orbital help in 

making the energy lower, but adding the 2s 

orbital does not help much?
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Diatomic Molecules
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Spin Orbital and Spacial Orbitals
When you consider more than one electron you have to 

consider not only the ?                    but also the spin ?           

and the Fermi principle:

Define x as the summed coordinate for r and s

     sii ,rx   ra
 s

 s

Hartree Product      2121 , xxxx ji

HP 

However the above does not satisfy the ?

Exchange of electron leads to asymmetric wave function 

18
?



Slater Determinant
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Asymmetric wavefunction after exchange of electron coordinate

Generalization for n electron system: Slater Determinant
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What Happens if we use direct 

product of H2
+ solutions
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Hamiltonian does not include any spin terms so we could obtain 

the R dependence of the energy using only the spatial part of the 

electronic wavefunction
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H2
+ H2
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Potential Energy Curve
 RH

2112
ˆ 

Incorrect Dissociation!

22

Energy of 

Hydrogen atom 

in Hartree is ?



What is the Problem of incorrect 

dissociation
   

221121
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First two terms have 2 electrons on one of the atoms: IONIC

2121
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2121
1111 sBsBsAsA 

Last two terms have one electrons on each one of the atoms: 

Valance Bond

VBI 
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Solution: Configuration Interaction
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Two 1S orbitals can make TWO molecular orbitals:

bonding and antibonding!

Why not use the two and make combinations 2e- in antibond

2e- in bond

1e- in bond; 1e- in antibond



Symmetry of Spacial Orbitals
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Solution: Configuration Interaction
Using an wavefunction with two electrons in bonding 

orbital as well as two electrons in antibonding orbital
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Configuration Interaction
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H2 Potential Curve Revisited
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R Dependence of Expanstion 

Coefficients
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Use of more orbitals

   zBzA pBsBCpAsAC 1111  
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H2
+, H2, He2

+, He2

A B

H2
+ Req=1.06 Angstrom

Binding Energy 61 kcal/mol

A B

He2
+ Req=?     Angstrom

Binding Energy ?    kcal/mol

A B

H2 Req=?     Angstrom

Binding Energy ?     kcal/mol

A B

He2 Req= Infinity not bound

Binding Energy 0 Kcal mol
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