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4.7: A Rudimentary Analysis of the Vibrational-Rotational HCI Spectrum

This analysis assumes an harmonic-oscillator, non-rigid rotor model for the vibrational and rotational degrees of freedom of gas-
phase HCI. In other words, the magnitude of the rotational constant depends on the vibrational state of the molecule. Using the
portion of the H**C] vibrational-rotational spectrum provided below, this model will be used to calculate the following molecular
parameters: v, Bg, B1, Be, O, I, T'1, Te, and k.

Wavenumbers (cm-1)

A simple algebraic method, rather than a sophisticated statistical analysis, will be used to extract HCl's molecular parameters from
the spectroscopic data. We will see that although the model and the method of analysis are rudimentary, the results compare rather
well with literature values for the molecular parameters. This exercise might serve as an introduction to a more rigorous and
thorough statistical analysis. The equations for the R-branch and P-branch transitions appropriate for this model are given below.

I/R(J) = l/()Bl(J+ 1)(J+2) —BOJ(J+ 1) I/p(J) =1 +Bl(J— 1)J—B()J(J+ 1)
where

B,=——~ B,=B.—a.(v+3)

8m2cur?
Fundamental constants, conversion factors and atomic masses:
h =6.6260755(10)%*joule sec ¢ =2.99792458(10)% % u =1.6605410 2"kg pm =10""?m
myg = 1.0078u me; = 34.9688u

Calculate the reduced mass of HCI:

po= DA 1,627 x 10 kg

mg+mg
Obtain several P- and R-branch transitions from the spectrum:

(Transition P(2) P(1) R(0) R(l))

Frequency

- 2841.80 2864.35 2905.63 2923.87

Set up and solve a system of equations to calculate vy, Bg and B; by selecting data from the table above.

Vo
vp(2) = 2841.80cm ™! solve, (30) %5"6
(0 Bo Bi)=| vp(1)=2864.35cm ™ | | o0 500 — | 1282
vr(0) =2905.63cm ™! 10.002
cm

Use the values of By and B; to calculate B, and o:

_ 1
By = Be — ey solve, (Be) 10.956
_ _ 3 Qe cm
(Be Qe ) - Bl - Be — Qe 2 float, 5 - .63600
cm

vr(0) =2905.63cm ™!

Now calcuate 1, 1y, and r, using the values of By, B; and B,.
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o=, /#}LB‘J ro =127.189pm 1 =, /#wl r1 =131.171pm
_ h _
Te =\ SmteuB, e 125.33pm

Calculate the force constant using the value of vy.

. 1 JEk
k_VO_Qﬂc\/:

Compare the calculated parameter values with the literature values.

solve, k

m2 newton
Towt 4 — -4806e — 1 kg  k=480.62c4n

seczZem?

Molecular ~ Calcuated  Literature 07 oy

Parameter Value Value

- 2885.6 2886  0.014
Lo 10638 10.440  1.90
SL 0 10.002 10136 1.32
Z 10956 10.593  3.43
. 0.6360  0.307 107
— 1272 1283  0.86
pm
L 1312 130.2  0.77
pm
—— 125.3 1274  1.65
pm

—h ___ 480.6 5163  6.92

newton m

Summary: Given the simplicity of the model (harmonic-oscillator, non-rigid rotor) and the rudimentary algebraic (as opposed to
rigorous statistical) method of analysis, the results are quite respectable. Naturally, results will vary depending on the P- and R-
branch transitions used to calculate the molecular parameters.
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