Problem Set 11
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a) First, solving for the rotafional constant (B):
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with B, the temperature (T) at which the spectrum was obtamed can be determuned as
follows:
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b) Usmg the first expression provided in part (a) to 1sclate the rotational level J:
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c) For the heavier Cl 1sotope, the moment of nteria will increase leading to a
decrease 1n the rotational constant. Quantitatively:
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With this rotational constant, the temperature at which the J= £ state 15 most populated
becomes:
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This result 15 essentially 1dentical to the result for the lighter Clisotope. Therefore, at
1000 K we expect the J =15 level to also be the most populated.

a) Usng the moment of mertia, the rotational constants can be determuned.
Smce all three moments of inertia are equal, the rotational constants will
be equal as well. Paving careful attention to umts, the rotational constants
are:
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b} If the high-temperature linut 15 valid T = O, Determining Oy:
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The boiling temperature of CH4 (112 K) 15 much greater than the rotational temperature;
therefore, the lngh-temperature limit 15 approprnate.
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At 300 K for IF:
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Eepeating the above calculations for T= 3000 K-
g=394
po=0234
r,=0.189
p,=0.141

Repeating the above calculations for IBr at 300 and 3000 K:

300 K 000K
p 138 2 836
Py 0.723 Pg 0.121
o 0.199 Py 0.106
7, 0.034 2 0.094

The probability of occupying a specific energy level 1s greater for IBr relative to IF for a
given temperature since the energy-level spacings are smaller for IBr.
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The total vibrational partition function 15 the product of partition functions for each
vibrational degree of freedom:
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Under what conditions would you expect the resulting expression for gy to be applicable?
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This expression for gvis expected to be valid in the high-temperature linut where many
vibrational states will be populated thereby justifying evaluation of the partiion fimetion
by mtegration over .
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a)
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Performing a series expansion for the second exponential term, and keeping only the first
two terms smee the exponent will be small for hmted anharmomeity:
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Using senes e:-;presﬂnn provided m the problem to evaluate the second term m the
preceding expression:
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b} First, the partition fimetion in the harmenic-oscillator limt 1s:
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Next, evaluating the expression for the anharmonic oscillator:
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The percent error s :
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a)
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To ensure that the wavefimction remain symmetric with exchange. the rotational
part of the wavefunction must be even; therefcnre only even Jstates (0, 2.4, 6, ...}
are allowed.

Smee T == B (1e, 298 K == (.56 K) the ugh-temperature approximation can be
applied in evaluating the rotational partition function:
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This caleulation illusirates that there are roughly 263 rotational states available to
CO; at 202 K; therefore, the high-temperature expression for the rotational
partition function 15 more than reasonable.



