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Lecture 22

Molecular spectra, part 2

Vibration

Secondly, there is the possibility of vibrations along the bonds.  In this case we have a restoring force.  For small motions:

E = p2 / 2m + K (x-x0)2 / 2

Here x0 is the equilibrium separation and x is the actual separation.  We can also estimate K:  The dimensions of K are the same as those of a spring constant – indeed, that is what K really represents.  Pushing atoms closer together changes the energy levels by about an eV when the motion is about 1 angstrom = 10-10m.  The energy of an atom changes by a fraction of an eV when this happens:

K ≈ 5 eV / (10-8 m)2

En = nħω = n ħ (K/μ)1/2 =  n × 0.1 eV,

if we put in masses corresponding to the atoms in the B,C,N,O series.

This is in the near infrared and we find a series of equally spaced energy levels.

Overall, we find an absorptions spectrum that consists of a set of bands at each vibrational transition:  each line in the band corresponds to a different rotational transition.
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Global warming

The sun heats the earth with radiation centered on the visible, about 1 eV.  This correspond to the surface temperature of the sun, about T = 104 K 

(1eV = 1.1 × 104 K)

This light is partly reflected and partly absorbed in the atmosphere.  However, most of it is absorbed by the surface of the earth and is converted into heat.  

Ultimately, the earth and sun are in radiative equilibrium, which means that the energy absorbed by the earth from the sun must equal the energy radiated by the earth.

The energy radiated by the earth is mainly in the form of infrared radiation, because T = 300 K for the earth, which is about kBT = 0.03 eV.

CO2 absorbs the IR as it leaves and reradiates it back toward the earth.  Thus the CO2 acts as a “little sun”, since this energy just adds to the original energy of the sun.  Hence more CO2 means a higher flux of energy into the earth, and a higher temperature.
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Because of the simplicity of the effect, it is not hard to estimate the expected rise in temperature for a given additional amount of CO2.  Doing this calculation for the last 50 years, when there are very good measurements of both temperature and CO2 levels, gives very good agreement of simple models with the observed temperature changes.

