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DERIVING THE OPTICAL CONSTANTS OF QUARTZ USING THERMAL 
EMISSION SPECTROSCOPY; M.L. Wenrich and P.R. Christensen, Department of 

Geology, Arizona State University, Tempe, Arizona 85287-1404 

When considering using emissivity data for mineral identification of a surface that is 
composed of fine-grained material such as that of Mars, grain size affects must be understood, 
because when the wavelength of emitted energy from a mineral is similar to the diameter of the 
grain, the thermal emissivity spectrum is affected [e.g., 1-51, Through the use of classical 
dispersion analysis, values for the real (n) and imaginary (k) indices of refraction of minerals may 
be ascertained. These optical constants are inherent to mineral composition and are thus unaffected 
by grain size. Values of n and k may be used in accordance with developing radiative transfer 
models [6-121 to predict the shape of the emissivity spectra for any grain size. In addition to 
predicting the appearance of mineral spectra for various grain sizes using lmown values of n and k, 
it is ultimately expected that useful values of n and k for minerals that only occur in fine grain 
sizes, such as clays, may be derived from their complex spectra. The objective of this study is to 
evaluate the use of vibrational emission spectroscopy for determining n and k via dispersion 
theory. 

Czerny [13] and Spitzer and Kleinman[l4] have demonstrated the validity of using classical 
dispersion theory to determine mineral oscillator frequencies, as well as band strengths and widths, 
required to construct theoretical spectra that match experimental spectral data. Oscillators in the 
ordinary (0) and extraordinary (E) rays were determined for quartz by Spitzer and Kleinman who 
utilized plane polarized light for determining axis dependent reflectivity and transmission. For this 
study, the experimental technique for obtaining the 0 ray and E ray oscillators, band strengths, and 
widths deviates from that of Spitzer and Kleinman as follows. Emitted energy from a mineral 
sample is measured for this study, rather than reflected (or transmitted) energy. However, through 
the application of Kirchhoffs law, e = 1 - R, where e is ernissivity and R is reflectivity, this 
study's quartz emission spectra may be compared to the reflection spectra of Spitzer and Kleinman. 
Additionally, the previous study used plane polarized light to separate the contributions of the 0 
and E rays, unlike this study. Without the use of plane polarized light, the 0 ray spectrum (whose 
electric field vector is perpendicular to the optic axis) was acquired by viewing a highly polished Z- 
cut crystal (cut perpendicularly to the optic axis). This viewing geometry does not allow for any 
contribution of the E ray because by definition the electric field vector of the E ray must be parallel 
to the optic axis, disallowing propagation of the E ray along the c-axis in a hexagonal crystal such 
as quartz. The spectrum generated when analyzing a hexagonal crystal along the basal plane 
(perpendicular to the c-axis, in the plane of the a-axes) can be used to derive the E ray spectrum. 
Knowing that the basal plane parallel spectrum (here represented by A) is composed of an average 
of E and 0 ray spectral endmembers according to dispersion theory (here E and 0 represent the 
respective endmember spectra), and given a representative 0 ray spectrum from the Z-cut analysis, 
the E ray spectrum may be derived according to the equation A = (E + 0 )  / 2. 

The E and 0 ray spectra generated from this study and those determined by Spitzer and 
Kleinman are shown in Figure 1. Although there exists a discrepancy between the depths of the 
absorption features, the positions and shapes of the absorption bands are similar for both studies. 
Because Spitzer and Kleinman's bidirectional reflectance data are specific to one incidence angle (8  
= 0") but emissivity data are affected by energy from all of the angles within the spectrometer's 
field of view, an investigation into how viewing geometry affects the spectra was required. 
Reflectivity (R) through air from a surface may be calculated at normal incidence (8 = 0') using 
Fresnel's equation: R = 1 - E = [(n - 1)2 + k2] / [(n + 1)2 + k2] (1). 
However, for non-normal incidence (8 # 0°), reflectivity is governed by the following more 
complex equations, in accordance with Born and Wolf [16]: R = 1 - E = (pL2 + p ,f) / 2 (2), 

where p,2 = [(cose - u)2 + v2] / [ (COS~  + u ) ~  + v2] and (3) 
p = ([(n2 - k2)cos& u]2 + (2nkcos8 - v)2) / ([(n2 - k2)cose + u]2 + (2nkcos8 + v)2} (4). 

Also, where u = ({n2 - k2 - sin28 + [(n2 - k2 - sin28)2 + 4n2k2]0.5}/2)0.5 (5) 
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and v = (( - [n2 - k2 - sin28 ]+ [(n2 - k2 - sin28)2 + 4n2k2]0.5}/2)0.5 (6). 
Figure 2 shows the theoretical emissivity spectra of quartz for incidence angles ranging from 0 to 
90°, using classical dispersion theory and the optical constants derived by Spitzer and Kleinman, 
and amplifies the effect of viewing geometry on spectra. The field of view for our laboratory 
spectrometer is 42' [12], equivalent to "incidence" (emittance) angles of 8 = 0 - 21 ". The spectra of 
quartz for incidence angles of 0 and 21' are almost identical such that the spectra cannot be 
differentiated in Figure 2. This spectral similarity suggests that a calculation of R from the Fresnel 
equation at 8 = 0 is sufficient, thus the dissimilarity in viewing geometry does not explain the 
discrepancy in band depth between our emissivity spectra and the spectra generated by Spitzer and 
Kleinman. 

Considering the unique approach taken by this study for deriving optical constants, the 
similarity between the shape and position of our E and 0 ray spectral features and those of Spitzer 
and Kleinman is strongly encouraging, even though the band depths of our spectra are less. 
Presently we are investigating the possibility of a calibration error that may be shallowing our 
spectral features. It appears that when the band depth discrepancy is accounted for, the emission 
spectroscopic technique discussed above for deriving optical constants will be valid. 

In summary, using dispersion theory and successive adjustments of parameters, a 
theoretical c w e  may be matched to the laboratory emissivity spectrum of quartz. This suggests 
that deriving optical constants from emissivity spectra is possible. The derived values of n and k 
are useful because they are independent of grain size and may be used in developing radiative 
transfer models to predict the emissivity spectra for any grain size. This knowledge will allow for 
more accurate identification of the mineralogy of Mars' surface using data provided by the future 
Mars Global Surveyor mission. 
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Figure I. Spectra of the E and 0 rays from Figure 2. Emissivity spectra of quartz 
Spitzer and Kleinrnan (solid) and this study (dashed) for incidence angles from 0 to 90' 
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