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Intensities of Spectral Lines (based on notes from Atkins, 7th edition, pp. 491-492)

The ratio of transmitted intensity, I, to incident intensity, I0, at a given frequency is called the
transmittance, T, of the sample:

The transmitted intensity varies with the length, R, of the cell, and the molar concentration, c,
according to the Beer-Lambert Law:

where   is the molar absorption coefficient (sometimes still called the “extinctionε(ῡ)
coefficient”), and is dependent upon the wavenumber (or frequency).  Its dimensions are
1/(concentration × length), normally written in L mol-1 cm-1.  An alternative set of units is cm2

mol-1, which means that  can be thought of as a molar cross-section for absorption: theε(ῡ)
greater the cross-sectional area of the molecule for absorption, the better its ability to block the
passage of the incident radiation.

The absorbance at a given wavenumber is defined as:

which allows the Beer-Lambert Law to be written as:

The Beer-Lambert Law is an empirical result, but can be derived via the following
considerations.  The intensity of radiation that passes through the sample gets reduced by dI,
which is proportional to the thickness of the layer, dR, the molar concentration of the absorbing
species, c, and the intensity incident on the layer, I (this is because the rate of absorption is
proportional to the intensity, vide infra).  Thus,

where κ is a proportionality coefficient.  Rearranging:

If dR represents an infinitesimally small layer, then for a layer of finite thickness R where the
intensity incident on one face is I0, we can write an expression which takes into account the sum
of all of the infinitesimal changes:

If the concentration is uniform, then c is constant throughout the sample, and we arrive at:
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If the logarithm is converted to base 10 (ln x = (ln 10) log x), and κ is replaced by , thenε(ῡ) ln10
we have the Beer-Lambert Law as written above.  κ and ε are related by:

The maximum value of the molar absorption coefficient, εmax, is an indicator of the intensity of
the transition.  However, the absorption band spreads across a range of wavenumbers, so a single
wavenumber may not reflect the true intensity of the transition.  

The integrated absorption coefficient, α, is the sum of the absorption coefficients over the entire
band, and corresponds to the area under the plot of molar absorption coefficient as a function of
wavenumber:

As a crude, but useful approximation, the area of the average absorption band in solution can be
characterized in terms of the half-width of the absorption band, .  This is the width at which∆ῡ1/2
, = ½,max, and, assuming a band symmetrical about ,max, we have 


