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Correlation of

Linestrength and Linewidth in

Highly-Resolved

Infrared Spectroscopy**

Gion Calzaferri* and Konrad Hiadener

Abstract: Rotational-vibrational spectra found in even excellent textbooks show a wrong
ratio for the H*CI/H*Cl rotational-vibrational lines. Distortion is a common problem
encountered when spectral resolution is insufficient to measure the true shape of a line.
Unfortunately deconvolution with the apparatus function is not always possible. In this
paper the correlation of the Lorentz linewidth and linestrength in case of a Voigt profile is
studied and some consequences are explained.

The natural linewidth of a (1-0) rota-
tional-vibrational transition of e.g. HCI
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molecules is of the order of 107 to 1077
cm™’. At a pressure of 133.32 Pa (1 torr) the
lineshape can be described by a Voigt pro-
file and the linewidth is about 7-1073
cm™''. A resolution better than the line-
width is necessary to measure the true
shape of such a line and that is often not
available. For this reason all rotational-vi-
brational spectra found in even excellent
textbooks show a wrong ratio for the
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H*CIl/HYCl rotational-vibrational lines®.
The problem of wunresolved narrow
spectral lines was first treated by Laden-
burg and Reiche®. They introduced the
idea of the equivalent width which was
used by Benedict et al." in a careful analy-
sis to determine (1-0) rotational-vibra-
tional oscillator strengths of H*Cl and
H*’C). Because of computational problems
at that time it was necessary to apply an
approximation developed by Plass and
Fivel P

The strength of a line can be measured
by determining the integrated absorption S
of a line, defined by the relation

S =Ofk,dv 0))

where k, is the absorption coefficient in
cm™'. k,of a gas at a path length /is given in
terms of the transmission T = I/I°, where
1, 1s the intensity of the light transmitted by
the sample, according to Lambert’s law,

—InT=¢,=k,I Q)

where ¢, is the extinction. For gases at suf-
ficiently low pressure, the integrated ab-
sorption S is directly proportional to the
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