RUC, September 2006

Quantum Chemistry & Spectroscopy

Problem 6.
In the harmonic approximation, the stationary vibrational energy levels for a diatomic molecule A–B are given by
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where  k  is the “force constant” for the chemical bond between the atoms A and B (the force constant is a measure of the rigidity of the bond, typically in the order of 500 N m‑1),    is the reduced mass,  = mAmB/(mA + mB), and  v  is the vibrational quantum number.  The parameter  is equal to the classical angular frequency, 2 [radian s-1], where  is the classical frequency [s‑1 (Hz)].  The corresponding vibrational period is given by  =  -1 [s].
The energy of the vibrational ground state, E0, is called the “zero-point energy” (ZPE). The lowest excited vibrational level, E1, is called the “fundamental level”, and the following levels, E2, E3, etc., are called “overtone levels”.  In the harmonic approximation, the energy difference  E = Ev+1 – Ev  between two neigbouring levels is constant, corresponding to the vibrational energy quantum 
[image: image2.wmf]w

h

=

E

Δ

.
a) What is the zero-point energy E0 and the vibrational energy quantum 
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 for hydrogen iodide (1H127I), when the force constant k is equal to 314 N m‑1?  Give the results in J, eV, and cm-1.  In which spectral region does transition from the zero-point level to the fundamental level occur?  What is the classical vibrational period? 
b) Compute the ratio between the vibrational energy quanta for hydrogen iodide (1H127I) and deuterium iodide (2H127I), when it is assumed that the force constant is the same in the two molecules.

c) Compute the relative population n1/n0 of the fundamental level of hydrogen iodide at T = 298 K and T = 1000 K. It is assumed that at thermal equilibrium, the population is determined by the Bolzmann distribution: n1/n0 = exp[–(E1 – E0)/kBT].
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