Thermodynamics - Equipartition theorem - Internal molecular degrees
of freedom relax

March 27, 2012

Ok, you are given a methane molecule alone. Find the total energy of this single molecule at the temperature
T = 300K.

methane

There are 16 DOF(degree of freedom).

’ Count \ D.O.F. \ Meaning \ Energy ‘
T
1 Mg Linear momentum in z %mvfﬁ
2 muy Linear momentum in y %mvg
3 mu, Linear momentum in z —mu?
4 Tw, Angular momentum around z  ~Jw?
5 Tw, Angular momentum around y fIwi
6 Tw, Angular momentum around z = JIw?
7 N1 Strech vibration mode 1 Fuwg
8 g2 Strech vibration mode 2 Fuwg
9 N3 Strech vibration mode 3 huwg
10 N4 Strech vibration mode 4 Auws
11 N1 Bend vibration mode 1 huwy,
12 b2 Bend vibration mode 2 fuwoy,
13 ny3 Bend vibration mode 3 A,
14 N4 Bend vibration mode 4 huwy,
15 Nb5 Bend vibration mode 5 A,
16 N6 Bend vibration mode 6 huwy,



1
The equipartion theorem tells us that each degree of freedom gets ikT’ so assuming maximal entropy the

molecule has a total internal energy of 8kT. So the total energy at 300K is,

m?kg

Eioy =8 (1.38 107 — ) - 300K ~ 3.3-1072%J
s?K



