
Chem 3322 homework #10 solutions

Problem 1

The force constants for H2 and Br2 are 575 and 246 Nm−1, respectively. Take the mass

of H as 1.0079 g/mol. Take the mass of Br as 79.90 g/mol. Calculate the ratio of the

vibrational state populations P(1)/P(0) and P(2)/P(0) at T = 300 K and at 1000 K for

each of H2 and Br2. Summarize all your answers in a table.

Solution:

ω =

√
k

µ
(1)

For H2,

µ =
0.50395 g/mol

6.022× 1023mol−1 = 8.3685× 10−28 kg (2)

ω =

√
575Nm−1

8.3685× 10−28 kg
= 8.29× 1014 s−1 (3)

ℏω
kB

=
1.05459× 10−34 Js 8.29× 1014 s−1

1.38066× 10−23 JK−1 (4)

P (1)/P (0) = eβ∆E1−0 = e−βℏω = e−ℏω/kBT = e−21.1 = 6.86 × 10−10 at 300 K, and =

e−6.33 = 1.78× 10−3 at 1000 K.

P (2)/P (0) = eβ∆E2−0 = e−2βℏω = e−2ℏω/kBT = 4.71 × 10−19 at 300 K, and = 3.18 × 10−6

at 1000 K.

For Br2,

µ =
0.39.95 g/mol

6.022× 1023mol−1 = 6.634× 10−26 kg (5)

ω =

√
246Nm−1

6.634× 10−26 kg
= 6.09× 1013 s−1 (6)

and ℏω/kB = 465.13 K. Hence P (1)/P (0) = 0.212 at 300 K and 0.628 at 1000 K.

P (2)/P (0) = 0.045 at 300 K and 0.394 at 1000 K.

Problem 2
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Calculate, and plot, the fraction of NO(g) molecules in each rotational state from ℓ =

0− 30 at 300 K and at 1000 K. Take the mass of N as 14 g/mol. Take the mass of O as 16

g/mol. The nitric oxide bond length is 116 pm.

Solution:

From table 18.2 we have θ = 2.39 K. We have either T = 300 K or T = 1000 K. And

from equation 18.35 we have

fℓ = (2ℓ+ 1)(θ/T )e−(θ/T )ℓ(ℓ+1) (7)

We can put the numbers in and work out to two significant figures:

ℓ fℓ at 300 K fℓ at 1000 K

0 0.008 0.002

1 0.024 0.007

2 0.038 0.012

3 0.051 0.016

4 0.061 0.021

5 0.069 0.024

6 0.074 0.028

7 0.076 0.031

8 0.076 0.034

9 0.074 0.037

10 0.070 0.039

11 0.064 0.040

12 0.057 0.041

13 0.050 0.042

14 0.043 0.042

15 0.036 0.042

16 0.030 0.041

17 0.024 0.040

Problem 3

Consider the energy-level diagrams shown in Fig. 1.

a) At what temperature will the probability of occupying the second energy level be 0.15

for the states depicted in Fig. 1A?
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FIG. 1:

Solution:

for this problem we have the partition function

q = 1 + e−β∆E (8)

so that the excited state population is

P (1) =
e−β∆E

1 + e−β∆E
(9)

For P (1) = 0.15, we have

T =
−300cm−1hc

kB ln(0.15/0.85)
=

300cm−1 6.626× 10−34Js 3.00× 1010cm s−1

2.395× 10−23JK−1
(10)

which works out to be T = 249 K.

b) Perform the corresponding calculation for the states depicted in Fig. 1B. Before be-

ginning the calculation, do you expect the temperature to be higher or lower than that

determined in part a)? Why?

Solution:

We discussed this in class as related to the balance between internal energy and entropy.

The double degeneracy in the excited state tips the balance (compared to part a) farther

towards the excited state for a fixed value of temperature. Hence to get the same population,

we don’t need as high a temperature as in part a.
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The math is almost the same, but now we have

q = 1 + 2e−β∆E (11)

so that the excited state population is

P (1) =
2e−β∆E

1 + 2e−β∆E
(12)

Putting the numbers in gives T = 178 K.
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