McQuarrie — Chapter 8 — Extensions to polyatomics
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Degrees of freedom

Molecule with n atoms 3 tr

3 rot (non linear) 2 rot (linear)
(3n —6) vibr. (3n-5) vibr.

assume rigid rotor, harmonic oscillator



B (qtrqrotqvibrqelqnuc)N Allowing also for el. states and
1= N ! nuclear spin effects

D, /KT

qel :a)ele —I_lll

take q,.=1 fornow

vibr problem — normal coordinates . .
different vibrations decouple a = (3n-6) [(3n-5)] vibrations
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E,.,, C, ,i: Sums over contributions from all normal modes
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Rotation is a bit more involved:
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In general 1w =2M; (yj—ycm

Principle axes: X, Y, Z diagonalize |

If a molecule has symmetry, easytofind X, Y, Z
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0, 6, 0 From rotational constants can

calculate corresponding 6 values
6, =6, =6. spherical top
0,= 0, #6. symm top
0, #60, #6. asymmtop <— difficult
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|A — |B + |c .also solvable
in closed form
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Asymm. top
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So in the “high” T limit
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Although expressions for total £ and S are rather involved, PV = NkT



Hindered rotation

e.g., ethane

* Minima at torsion angles 0, 120, 240, 360°
* Maxima (v,) at torsion angles = 60, 180, 300°

In general, have to solve the Schrodinger equation for
the energy levels of the rigid rotor degree of freedom and
use these in evaluating the partition function.



Symmetry numbers for various point groups
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Non-rigidity complicates the situation
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expect o = 1, but if (H; and H,) and (H; and H,)
can exchange, o = 4. What if the two water
molecules can exchange?



