
Answer on Question #75546, Physics / Molecular Physics | Thermodynamics 

 

A molecule has a triply degenerate excited state lying at 300 cm-1 above the non-degenerate 

ground state. At what temperature will 20 percent of the molecule be in the upper (excited) level? 

 

Solution:   

The fraction of populations of the two states of a two-level system is 

𝑝1

𝑝2
= 3𝑒−

∆𝐸
𝑘𝑇 =

0.20

1 − 0.20
 

 

∆𝐸 = ℎ𝑐𝑣̃ = −𝑘𝑇 ln
𝑝1

3𝑝2
 

So, 

𝑇 =
−ℎ𝑐𝑣̃

𝑘 ln
𝑝1

3𝑝2

=
−(6.626 × 10−34)(2.998 × 1010)(300)

(1.381 × 10−23) × ln (
0.20

3 × (1 − 0.20)
)

= 173.7 𝐾 

Answer:  174 K 
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