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AbstrACt

There is an understandable desire to use simple unpolarized infrared analysis of unoriented 
anisotropic samples to extract quantitative information, rather than using more demanding polarized 
techniques. Owing to the fact that unpolarized infrared absorbance in birefringent media deviates from 
the Beer-Lambert law, previous studies have either warned against using unpolarized spectroscopy for 
quantitative purposes, or have used flawed error analysis to justify using simple averages of integrated 
absorbance of multiple absorbance bands as a proxy for total integrated polarized absorbance in the 
principal spectra. It is shown here that unpolarized infrared absorbance is correctly calculated by 
averaging in the transmission domain. The errors in estimates of principal absorbance by averaging of 
unpolarized absorbance spectra are evaluated using correct theory of unpolarized infrared transmission. 
Correction schemes for integrated absorbance based on linear-absorbance error calculations are shown 
to be inappropriate. A theory is developed that allows the sum of the polarized principal absorbance 
spectra to be estimated from multiple unpolarized measurements of randomly oriented samples. The 
systematic errors that arise when averaging in the absorbance domain are avoided by use of exact 
theory rather than an approximation. Numerical simulation shows that applying the new procedure to 
10 unpolarized measurements of OH stretching bands in olivine results in convergence of the estimated 
total integrated principal polarized absorbance to within 10% of the true value for a sample size of 10 
measurements, but the technique is limited to spectral regions that do not contain absorption bands 
that are simultaneously intensely absorbing and strongly anisotropic.
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introduCtion

Infrared (IR) spectroscopy performed in the most commonly 
used transmission geometry enables the quantitative analysis 
of absorbing species by application of the Beer-Lambert law. A 
common application in the Earth sciences is the measurement 
of hydroxyl, often at trace concentrations in nominally anhy-
drous minerals (e.g., Rossman 2006). One drawback to such 
measurements is that birefringent crystals can have strongly 
anisotropic absorption, leading to large differences in absorbance 
as a function of the direction of light propagation through the 
crystal. In such cases, it has been shown that the Beer-Lambert 
law applies only when the absorbance is measured as the sum of 
polarized absorbances with the directions of polarization parallel 
to each of the principal axes of the absorption indicatrix (e.g., 
Libowitzky and Rossman 1996). Consequently, several authors 
have emphasized that unpolarized infrared spectroscopy can-
not be used to make quantitative measurements in anisotropic 
materials (e.g., Libowitzky and Rossman 1996; Bell et al. 2003). 
However, a robust determination of the errors associated with 
unpolarized analysis would enable the use of unpolarized spec-
troscopy for quantitative measurement in cases where polarized 

measurement of oriented samples is impractical. Sambridge et 
al. (2008) and Kovács et al. (2008) developed a theory where 
the average unpolarized absorbance is used as a proxy for total 
polarized absorbance. In calculating the errors associated with 
the approximation, Sambridge et al. (2008) developed an alter-
native theory for unpolarized absorbance that differs from that 
given by Libowitzky and Rossman (1996). Here I will show 
that the theory originally presented in Libowitzky and Rossman 
(1996) is, in fact, correct. The errors associated with unpolarized 
measurements will be calculated for some specific examples.

theory

The intensity of light, I, measured at a distance d after passing 
through an absorbing medium is described by the relationship

I = I0 e-acd  (1)

where I0 is the intensity of light entering the medium, a is the 
molar absorption coefficient, and c is the concentration of the 
absorbing species. The dimensionless quantities transmittance 
(T) and absorbance (An) are defined as

T = I/I0  (2)* E-mail: withers@umn.edu


