
Lecture 7: Monoatomic Partition Functions

Translational and Electronic Partition Functions



Monoatomic Ideal Gas

Last time:
q = qtrans · qrot · qvibr · qelec

Monoatomic Ideal Gas - no rotational or vibrational degrees of freedom:

εtotal = εtrans + εelec

q = qtrans · qelec

Consider a system of N indistinguishable monoatomic molecules:

Q =
qN

N !



Translational Partition Function

Particle in a 3D box:
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Plug in and expand energy eigenvalues to q:
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Translational Partition Function

All 3 sums are equivalent:
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Replace summation with integral since energies effectively a continuium:
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Translational Partition Function

qtrans =
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Gaussian integral:
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Substitute α = βh2
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:
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For a 3D Particle in a box, V = a3:
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Connecting Q to q: 2 methods

Energy equation applies on molecular level as well:

〈E〉 = −
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∂ lnQ
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󰀕
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Evaluate lnQ

Q =
qN

N !
lnQ = N ln q − lnN !
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󰀕
∂ lnQ
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Multiply by N
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= N〈ε〉

Energy of N particles

〈E〉 = N〈ε〉
Distinguishability does not matter



Translational Energy Contribution

Translational Canonical Partition Function:
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Substitute qtrans:
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Occupancy at Room Temperature

Thermal energy is the energy of a system responsible for temperature ∝ kBT
Thermal energy at 298 K:

kBT = 0.695 cm−1K−1 · 298K = 207 cm−1 ≈ 200 cm−1

Particle in a box energy spacing:

εnx,ny ,nz =
h2

8ma2
(n2

x + n2
y + n2

z) =⇒ ∆ε ≈ h2

8ma2

Plug in typical values:

∆ε =
(6.626× 10−34 J s)2

8 (3× 10−26 kg) (10−2 m)2
≈ 1.83× 10−38 J = 9.2× 10−16cm−1

Translational motion behaves classically at room temperature, excited states occupied



Electronic Partition Function

Electronic Partition Function:

qelec =
󰁛

i,levels

gie
−βεi

where gi is the degeneracy and εi is the energy of the ith electronic level

Define ε0 = 0 as the ground electronic state to measure energies relative to it:

qelec = g0 + g1e
−βε1 + g2e

−βε2 + . . .

We will prove using relative energies is okay on our homework



UV–Vis for Electronic Transitions

λ = 200 nm

= 2.0× 10−5 cm

ν̃ =
1

λ

=
1

2.0× 10−5 cm

= 5.0× 104 cm−1

UV–Vis electronic
transitions:

∼ 200− 800 nm

∼ 12,500− 50,000 cm−1



Example: Electronic Excited State Probability

For typical UV transition, excited state is much higher than 200 cm−1:
ε0 = 0 g0 = 1 (ground state)
ε1 = 50,000 cm−1 g1 = 3 (first excited electronic state)

Calculate qelec at 298 K (kBT ≈ 207 cm−1):

qelec = g0 + g1e
−βε1 = 1 + 3e−50,000/207

= 1 + 3e−241.5 ≈ 1

Probability of being in the excited state:

P1 =
g1e

−βε1

qelec
≈ 3 · 10−105

1

≈ 3 · 10−105

Essentially all molecules remain in the ground electronic state at room temperature


