5.62 2004 Lecture #8 page 1

Translational partition function

Boltzmann statistics (corrected) Q(N,V,T)=

g= Y ¢ molecular partition function

i
sum over single-
molecule states

Separation of molecular partition function
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The sum includes every possible combination of translational and internal
quantum numbers.

Consider the product

qtransqim — Ze_ﬂgtransi Z e_ﬂgimi — (efﬁgtransl + efﬂgtranSZ + efﬁgtrans:; +-.. .)(e_ﬁgiml + e_ﬁgintZ + e_ﬁgint3 +-.. .)
i i

e_ﬂ(gtransl+€intl) + e_ﬂ(gtransl+5in12) 4.

The sum includes every possible combination of ftranslational and internal
quantum numbers!

The separation will be valid as long as the energies are simply additive.

Separation of thermodynamic contributions

We can write
Q = qN/N' = QtransQint = (qgims /N') qlir\llt
A= Ays + Ay =(-NkT Ingqy,,, + kT In N!)— NkT In g,

Thermodynamic contributions are additive
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Translational partition function

Translational energies are solutions o Schrodinger equation for particle in a
box of dimension ax bx ¢

Quantum nhumbers n,n,,n,
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Now approximate sum as integral:
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where V= abc
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We now have ¢, (¥,T) in terms of quantities that we know

Example: 1 mol Nz at 1 atm, 273 K:

~0.028 kg/mol

m —T=4.7x10‘26 kg V=2244=224x10"m’
6x10°° /mol

3
27(4.7x107 kg)(1.38x10 J/K)(300 K) |

Girans = 22.4x107 m’)=3.3x10"
t (6.6x10 J-s)’ ( )
23
N _ 6Oy 6107
Qirans ~ 3-3x10
—_ Ne_ﬁgi
n, = 7 <<1. Boltzmann statistics are fine for molecules at room T.

How about electrons? Assume gas of same density

e -7\2
m, =5x107 kgimol s [ 3X0 5 5040
.~ 0.028

trans

G =@l (7.5510%) = (330109 (7.5x10) = 25102 N 6X107

= =2.
glns  2.5x10%

Definitely not «1! Electrons must be treated with Fermi-Dirac statistics.

Calculation of macroscopic thermodynamic properties from microscopic energy
levels: @Grrans
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Translational contribution to energy
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E=kT 3T E= ENkT = ERT average translational energy per mole
E= %kT average translational energy per molecule

Translational contribution to pressure
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