American Mineralogist, Volume 103, pages 1345–1348, 2018

Letter

POLARIO, a computer program for calculating refractive indices from chemical compositions
Reinhard X. Fischer1,*, Manfred Burianek1, and Robert D. Shannon2
Universität Bremen, FB 5 Geowissenschaften, Klagenfurter Str. 2, D-28359 Bremen, Germany
2
Geological Sciences/CIRES, University of Colorado, Boulder, Colorado 80309, U.S.A.

1

Abstract
POLARIO is a computer program to calculate total electronic polarizabilities, refractive energies,
and refractive indices of transparent minerals and synthetic crystalline compounds from their chemical composition and molar volume. If measured refractive indices or observed polarizabilities are
entered, POLARIO also allows calculation of the deviation between observed and calculated values
and determines the compatibility index as a measure of agreement. The density of the compound is
calculated from the chemical composition and the molar volume of a formula unit. Atom parameters
can be read in cif format to determine possible coordination numbers of cations and to compose the
entire input necessary to do the calculations. It displays a table of interatomic distances and angles,
and it shows the chemical composition with superscripted coordination numbers and valencies. The
program is written in Delphi XE6 for WINDOWS operating systems and contains 5300 constants and
parameters to do the calculations.
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Introduction
Refractive indices n are routinely used to describe the properties of minerals and other transparent compounds. They are defined as the velocity c of light in vacuum divided by the velocity
cm in the medium according to n = c/cm. If light propagates from
a medium with n1 into a medium with n2, it changes its direction
according to Snell’s law, n1 × sina = n2 × sinb, with the angle
a of incidence (= angle between incident beam and normal on
interface between the two media) and the angle b of refraction (=
angle between refracted beam and normal). Thus, the refractive
indices can be simply determined by measuring the angles, most
accurately on a prism using the minimum-deviation method (see,
e.g., Medenbach and Shannon 1997). Alternatively, immersion
methods can be used for small crystals (< about 1 mm) to obtain
a match in refraction between the crystal (or other transparent
media) and the liquid in which it is embedded.
Physically, the effect of refraction is caused by dipole moments p induced by the electromagnetic wave on entering the
crystal being proportional to the electric field E according to
p = a·E, where the polarizability a represents the factor of proportionality between the dipole moment and the electric field. In
the visible region of light, the dipole moment originates in the
displacement of electrons relative to the protons, and a is called
the “electronic polarizability.” It was shown independently by
Lorenz (1880) and Lorentz (1880) that the polarizabilities are
related to the refractive indices according to
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known as the Lorenz-Lorentz (LL) relation, with the Lorentz
factor, b = 4p/3, for compounds with cubic symmetry, Vm =
* E-mail: rfischer@uni-bremen.de
0003-004X/18/0008–1345$05.00/DOI: http://doi.org/10.2138/am-2018-6587

molar volume in Å3, and n∞ = the mean static refractive index at
l = ∞, which means that this equation is strictly valid only for
infinite wavelength. However, in common practice, this relation
is used in the visible region of light as well, and it is also applied
to noncubic crystals (for details see discussion in Shannon and
Fischer 2016). In our work, we use a modified equation described
in the section for calculating refractive indices from electronic
polarizabilities of ions.
Gladstone and Dale (1863) found a relation between the
chemical composition of a liquid and its refractive index by assigning “specific refractive energies” to its component elements
and summing them weighted by the proportional weight contributions of the elements. This concept was applied by Larsen
(1921) to minerals and later on refined by Mandarino (1976,
1978, 1979, 1981, 2006, 2007), providing a comprehensive set of
refractive energies for the ions (listed as oxides in the Mandarino
publications). The Gladstone-Dale (GD) compatibility index [CI
= 1 – (Kp/Kc), see below] was introduced by Mandarino (1979) as
a measure of internal consistency of the mean index of refraction.
Here, we introduce POLARIO, a computer program to calculate refractive indices from electronic polarizabilities of the
ions after Shannon and Fischer (2016) and from refractive energies (Gladstone-Dale constants) after Mandarino (1976, 1981).
As listed in Table 5 in Shannon and Fischer (2016) different
electronic polarizabilities are assigned to oxygen in borates,
carbonates, nitrates, sulfates, and perchlorates to reflect the more
covalent nature of these compounds.

Calculating refractive indices from
electronic polarizabilities of ions

Using the electronic polarizabilities of cations and anions
from Tables 4 and 5 in Shannon and Fischer (2016), the total
polarizability of a mineral or compound can be calculated by
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