PHYSICS 244 NOTES

Lecture 15
All atoms besides hydrogen
Ionization of atoms
What if an H atom has light in the far UV shone on it such that the energy of a photon is greater than 13.6 eV?

Then the atom can be ionized – this simply corresponds to a transition from a bound state to an unbound state.  This is where the analogy to the finite square well is very important – one can see that there are two types of states.  In the finite square well, those with E > V0 (unbound) and those with E < V0 (bound).  In the atom, we have E > 0 (unbound) and E < 0 (bound).  

Thus we see that all atoms have an ionization energy, which is the threshold for exciting an atom in the ground state to the lowest unbound state.

This converts the atom to a positive ion.  In general, this will change the chemical nature of the atom.  If the atom is in a chemical compound, (as it would be in the human body)  this will often and cause the atom to rebond.  We can see why UV light is so harmful from this example, and why “ionizing radiation” in general is harmful to biological systems.  Light at visible and below generally causes reversible changes to occur, while UV light and above (X-rays, γ-rays) generally causes irreversible changes.
Helium atom

Let us compare H and He

We found that the H atom in it ground state has one electron in the state ψ100(r) the energy is -13.6 eV = -ħ2 / 2 m a02 = - mk2e4/ħ2
Now look at the He+ ion.  It has an energy

E = -54.4 eV since if we let e → 2e in the expression for the energy, this is what we get.
Now put the second electron in.  We might expect that it should also go into the 1s state.  However, there is an additional principle, the exclusion principle, which says that two electrons cannot go into the same state.  So this particle goes into the same orbital state ψ100(r), but has opposite spin.  The total energy is about 

– 2× 54.4 eV = - 108.8 eV.  I say about, because there is also the interaction energy of the two electrons, which comes about because of their mutual repulsion.  It is a large correction.  

Sometimes these states are written as ψ100 1/2 (r) and ψ100 -1/2(r).      
Note that the ionization energy of the He atom is expected to be greater than that of the H atom, and it is: 24.5 eV.

This is between the value of 54.4 ev that the electron would have if it didn’t know about the other electron and the 13.6 eV that it would have if it orbited on the outside of the first electron.

54.4 eV is called the second ionization potential of He.

Lithium

The next atom in the periodic table is the Li atom which has a configuration 1s22s1.

2s has lower energy than 2p because it penetrates closer to the nucleus.  Note that the rule for hydrogen, that the energy only depends on n, breaks down for heavier atoms.  The energy increases as l increases, so the 2s shell fills first, then the 2p shell.  The energy associated with the l quantum number is quite a bit less than that associated with n, the principal quantum number, so 2s and 2p are quite close in energy.  
The first IP of Li is 5.39 eV.  In H, the energy to remove a 2s would be 3.4eV, but the partial penetration of the wavefunction to the now triply-charged nucleus increases this value.
