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ABSTRACT

A new approach to the use of spectroscopic absorbance measurements for anisotropic crystals allows 
results to be extracted using unpolarized light incident on random crystal orientations. The theory of 
light propagation in anisotropic absorbing crystals is developed from Maxwell’s equations to devise 
an expression for the transmittance of linearly polarized light traveling in an arbitrary direction in 
weakly absorbing media. This theory predicts the distribution of transmittance and absorbance as a 
function of direction and polarization angle of incident light. It is shown how a previously deduced 
empirical expression, commonly used in infrared spectroscopy, is a good approximation to the full 
theory under a wide range of conditions. The new theory shows that principal polarized absorbances 
correspond to the eigenvalues of an absorbance ellipsoid. An expression is derived for the unpolarized 
absorbance as a function of the angles describing incident light direction, Aunpol( , ), and the principal 
polarized absorbances, Aa, Ab, Ac in an anisotropic crystal 

Aunpol( , ) = ½[Aa(cos2 cos2  + sin2 ) + Ab(cos2 sin2  + cos2 ) + Acsin2 ].

Integration of this expression over all incident angles leads to a simple relationship between total 
measured unpolarized absorbance and the three principal polarized absorbances. Using this theory, a 
procedure is proposed for estimating both total (Aa + Ab + Ac) and principal absorbances from spectro-
scopic measurements of absorbance using unpolarized light on a set of randomly oriented crystals.
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INTRODUCTION

Optical indicatrix theory is well known and based on the 
work of Fletcher (1892). It provides a convenient mechanism 
for describing the optical properties of crystals, and allows 
calculation of refractive indices for light propagating through 
anisotropic media (Nesse 1986; Kliger et al. 1990). Phemister 
(1954) shows how the optical indicatrix theory is a direct con-
sequence of Maxwell’s electromagnetic (EM) theory of light. In 
analogy with the optical case, an indicatrix ellipsoid is often used 
for analyzing measurements of absorbance of electromagnetic 
radiation in anisotropic minerals. Important mineralogical ap-
plications include using infrared (IR) spectroscopy to quantify 
water content of minerals like olivine and pyroxenes, and also 
to provide clues to the crystallography of water substitution. The 
solution of Maxwell’s equations for light propagation in media 
where both refractive index and absorption vary anisotropically 
has been largely neglected by modern researchers. Instead they 
have relied upon empirical evidence to determine relationships 
between various quantities, such as the angular dependence of 
absorbance, or transmittance on crystallographic orientation of 

polarized light in biaxial minerals. Consequently, there has been 
debate on the appropriate form of this relationship with several 
alternatives suggested (see Libowitzky and Rossman 1996). It 
has also been claimed that, in general, only polarized light can 
be used to recover principal and total absorbances and that use 
of unpolarized light cannot in general yield quantitative data 
(Libowitzky and Rossman 1996; Bell et al. 2003, 2004). Conse-
quently, the belief has evolved that a major barrier to the practical 
use of IR spectroscopy (with polarized light) is the difficulty of 
performing the necessary orientation of fine-grained crystals 
(Asimow et al. 2006). A technique that avoided these difficulties 
altogether and used only unpolarized absorbance measurements 
would therefore have considerable appeal.

As has been shown by many (see references above), for 
practical purposes, analyses from absorption spectroscopy 
using polarized light can only be effected on crystal sections 
oriented parallel to the principal optical axes. The reason is that 
in addition to absorption, light traveling through other sections 
may undergo birefringence (splitting of light into two perpen-
dicularly polarized waves propagated with different paths), the 
amount of path deviation depending on the refractive indices 
and the thickness of the section (see Nye 1957; Bloss 1961; * E-mail: malcolm@rses.anu.edu.au


