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PHYSICS 244 NOTES

Lecture 21

Forces between atoms, concluded

Molecular spectra

Ionic bonding 

This occurs when one of the atoms is just (say 1 or 2 electrons) short of a filled shell and the other atom is just (say 1 or 2 electrons) over a filled shell.  Then it will be advantageous to have some transfer of electrons from one to the other.  But at that point we have oppositely charged atoms and they attract because of the usual electrical force.  One atom must become a positive ion, which costs an energy of the 1st ionization potential (IP) and the other will gain an electron and become a negative ion– the energy gained by this is called the electron affinity, or EA.  These quantities are usually all tabulated as positive numbers.  When this convention is made for the signs, we have

Binding energy = EA - IP +kq2 / r.

This is responsible for the binding in the NaCl molecule, for example.
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Summary of molecular bonding

The three types of bonding are therefore

IONIC – charge transferred

COVALENT – charge shared

VAN DER WAALS – charge slightly perturbed

In many cases, chemical bonds are a mixture of covalent and ionic.  For example, the H2O molecule is covalently bonded because the 1s electrons of the H’s gets shared with the 2s-2p shell of the O.  However, the electron affinity of O is very high – it likes to eat electrons.  Hence there is some movement of charge from the H’s in the direction of the O.  SO the part of the water molecule that is close to the center – the O is negatively charged, while the outer parts, near the Hs, are positively charged.  This is why water attracts water and other molecules whose charge is heterogeneously distributed.  The C-H and C-C bonds that are typical of oily molecules do not involve much charge transfer in the C-H case and practically none at all in the C-C case.  The charge is very evenly spread throughout the molecule.  This is why oil and water don’t mix. 

The only molecules that have no charge transfer at all are symmetric molecules that only have one type of atom, (like H2). 

Energies and spectra of diatomic molecules

To this point, we have applied QM mainly to electrons.  Now we are going to apply it to atoms as a whole.  For example, we can look at the motion of two atoms in a diatomic molecule.
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There is first of all rotation.  The motion of the atoms in this kind of motion is perpendicular to the bond.  Note there is no restoring force for this motion.  We simply have

E = ½ I ω2 = ½ (Iω2) / I = L2 / 2I = ℓ(ℓ+1) ħ2 / 2I

ℓ = 0, 1,2…

Remember that 

I = m1 r12 + m2 r22
   = μ r2, with μ = m1 m2 / (m1 + m2)  and r = r1-r2.

For a typical diatomic molecule, we will have

I of about 10-27 kg × (10-8 m )2 .

For ℓ = 1 , this gives energies of rotation of about

Em = ħ2 / I = 10-3 to 10-2 eV.

There is a selection rule that says that 

only ℓ →ℓ+1 and ℓ→ℓ-1 are allowed.  So we find

Eℓ – Eℓ-1 = [ℓ(ℓ+1) – (ℓ-1) ℓ] ) (ħ2 / 2I) = 2 ℓ Em
as the possible transition energies.

These frequencies are in the far IR.
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