
Transitions in atoms and molecules

A: green is higher energy ?
B: red has the longer wavelength ?
C: green has higher frequency ?g g q y
D: green higher wavenumber ?
E: all of the aboveE: all of the above
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You heat up 252g of water in the microwave 
(λ=1.55 cm) from 20 to 98 C.(λ 1.55 cm) from 20 to 98 C.

• How many photons were absorbed by theHow many photons were absorbed by the 
water ?

• A: x < 1010

10 20• B: 1010 < x < 1020

• C: 1020 < x < 1030

• D: 1030 < x < 1040

• E: 1040 < x• E: 10 < x



Schroedinger Equation and 
quantum numbers for atomsquantum numbers for atoms



Molecules (but NOT atoms)( )
Rotational kinetic energy (rigid rotor):
• Rotational quantum number J = 0,1,2…
• Space Quantization –J < MJ < J
• ER = c J (J+1) (diverge with J)
• each rotational level is (2J+1) fold 
degeneratedegenerate

• Potential energy (harmonic oscillator):
• Vibrational quantum number v = 0,1,2…
• EV = hν (v + 1/2) (equally spaced)
• Non-zero “zero point energy”

• Born Oppenheimer approximation:Born Oppenheimer approximation:
way to simplify Schroedinger Equation

• factorize wavefunction into an electronic 
and nuclear component

• Overall Energy:  E = EE + EV + ER



How does quantum mechanics relate to 
observable absorption and emission rates ?observable absorption and emission rates ?

Transition dipole moment: 

Energy density (Planck):



Einstein coefficientsEinstein coefficients

• Absorption:Absorption:

• Stimulated Emission:Stimulated Emission:

• Spontaneous Emission:Spontaneous Emission: 

Ab ti ti• Absorption cross-section:

They are all related quantities That meansThey are all related quantities. That means,
if you know one, you can derive all the others !!



In equilibrium:In equilibrium:



Lambert Beer’s lawLambert Beer s law
Decadic (base 10) version:

Hollas
Decadic (base 10) version:

Bernath
Base e version:

Units:Units: 
Cross section [cm2]
Number density [molecules /cm3]
Length [cm]

Or
Concentration [moles/l]
Molar absorption coefficient [l/mole/cm]o a abso p o coe c e [ / o e/c ]
Length [cm]

What are limitations to Lambert Beers law ?



Limitations to Lambert Beer’s lawLimitations to Lambert Beer s law

• Saturation effectsSaturation effects
• Resolution effects



• The global mean OH free radical 
concentration is about 106 molecules cm-3concentration is about 10 molecules cm . 
OH has a UV absorption band near 
308nm, with a peak absorption cross-, p p
section of 10-16 cm2 molecule-1. What 
absorption path is needed to obtain a 
1/10000 h i h h i1/10000 change in the atmospheric 
transmission (1-I/I0) at 308nm due to OH?
A 10• A: 10 m

• B: 500 m
• C: 2 km
• D: 10 km
• E: > 10 km


