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Introduction: Visible and near-infrared (VNIR) 

reflectance and mid-infrared (MIR) emission 
spectroscopy are important and useful techniques to 
identify surface minerals on Mars and other solar 
system bodies. In addition to the mineral identification, 
they can also be used to extract quantitative abundance 
information of minerals present in a mixture for further 
analysis of the ancient formation environment and 
evolution history. In order to promote such quantitative 
analyses, knowledge regarding the optical constants of 
a wide variety of rock-forming materials is required. 
Optical constants (complex indices of refraction, n and 
k), fundamental optical properties of minerals, are 
important input parameters in a radiative transfer 
calculation, which describes the interaction of light with 
a particulate medium to model the reflectance and 
emissivity spectra. 

There are various approaches to model the optical 
constants of minerals. Classical dispersion theory is 
widely used to derive optical constants of minerals in 
the MIR region [1]. At wavelengths <5 µm, the fact that 
Fresnel reflectivity is the main source of reflected light 
fails because of the significantly decrease in the 
imaginary index of refraction. Therefore, classical 
dispersion theory is only appropriate for the mid-
infrared regime. At VNIR wavelengths, calculating 
optical constants from diffuse reflectance of powders 
has been applied using Hapke’s formalisms [2, 3]. There 
are a few assumptions when using Hapke’s model to 
derive imaginary index of refraction, k, from reflectance 
spectra, including a constant real part of refractive 
index, n, the value of which is usually taken as the 
measured refractive index at the sodium D line at ~589 
nm. However, while it is reasonable to assume a 
constant n value at VNIR wavelengths, n is not 
wavelength independent at longer infrared wavelengths 
because there are strong fundamental vibrational 
absorptions. Kramers-Kronig (K-K) analysis can be 
used to derive n as a function of wavelength from k [4]. 
K-K analysis theoretically requires data at all 
wavelengths, a constraint which is rarely met. However, 
a subtractive K-K approach can be used instead when a 
finite range of data is available. The successful 
application of a subtractive K-K analysis requires as 
broad a wavelength range as is possible. To accomplish 
this, k’s determined from VNIR modeling can be 
combined with MIR k values, and these combinations 
used to determine n as a function of wavelength [5]. 

 

Since k values significantly decrease from the MIR 
region to the VNIR region, there is nearly two orders of 
magnitude difference between the longer wavelength 
end of VNIR and shorter wavelength end of MIR 
region. Different techniques used to determine MIR and 
VNIR k (Lorentz-Lorentz dispersion vs. radiative 
transfer modeling) add to this disconnect. In the absence 
of overlapping data, a method must be chosen to create 
a bridge between VNIR k and MIR k values. However, 
the method used to bridge the gap will affect the 
following n values directly, which could change later 
iterations of k.  

This work discusses four different methods to 
combine VNIR k and MIR k values of bassanite as a 
case study.  

Methods: Bassanite was ground and sieved into four 
size fractions (<32, 63-90, 90-180, 180-250 µm). The 
smallest size fraction of bassanite was pressed into 
compact pellet ~2 mm thickness and 13 mm diameter. 
VNIR (0.35-2.5 µm) reflectance spectra for three larger 
size fractions were acquired at 7 phase angles from 15 
to 45º for each sample referenced to a spectralon 
standard using an ASD spectroradiometer at Stony 
Brook University’s Center for Planetary Exploration 
(CPEx). MIR (2.5~50 µm) specular reflectance spectra 
of the pellet were collected using a Nicolet 6700 FTIR 
spectrometer at CPEx. 

MIR optical constants were calculated using 
classical dispersion theory from a reflectance spectrum 
of the bassanite pellet. MIR n and k were calculated by 
iteratively adjusting the oscillator parameters in the 
dispersion analysis until the best fit was achieved 
between the modeled spectrum and the laboratory 
spectrum.  

VNIR k values were calculated using Hapke’s model 
of radiative transfer theory [5]. First, k for each grain 
size was guessed individually by fixing all other 
parameters except k through a lookup table. Then a 
global minimization routine was used to find a single 
size-independent k for three grain sizes simultaneously.  

In order to derive the wavelength dependent n using 
the subtractive K-K analysis, the VNIR k was combined 
with MIR k. For the VNIR k and MIR k combination, 
we tested four different methods: 

(1) Do not do any adjustment between VNIR k and 
MIR k, connecting both regions with a straight line. 

(2) Do a symmetrical adjustment – find the offset 
between longer wavelength end of VNIR k and shorter 
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wavelength end of MIR k, adjust overall MIR k with a 
subtraction of this offset, and then use a linear 
extrapolation to bridge the gap between VNIR k and 
MIR k.  

(3) Do a symmetrical adjustment – find the 
difference between maximum of VNIR k and minimum 
of MIR k, then use this offset as the subtraction and do 
the same thing as method 2. 

 (4) Do an asymmetric adjustment – multiply an 
asymmetric scale factor to MIR k (It preserves the high-
end scale of MIR k but makes the low-end closer to 
VNIR k) and use a linear fit to link VNIR k and MIR k. 

Results and future work: Different VNIR k and 
MIR k combination methods are shown in Figure 1. 
Method 1 and Method 3 give very similar results, while 
Method 4 shows a small difference around the overlap 
region. As a result, the derived VNIR n values from 
Method 4 shows a small difference with that from 
Method 1 and Method 3, showing a less steep curve 

toward the far end of VNIR (Figure 2). However, the 
next iteration of VNIR k values based on derived new 
wavelength-dependent VNIR n values are barely 
changed for different combination methods (Figure 3). 
We should mention here that when we used method 2 to 
combine VNIR k and MIR k, we found that there were 
some negative values of the adjusted MIR k after the 
offset subtraction, so we do not show that here. These 
four methods we test here try to provide general 
solutions of how to combine VNIR k and MIR k values 
and can be applied to minerals for which there are no 
available optical constants values. 
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Figure 1. Combination of k values from different methods. 

 

   
Figure 2. Derived VNIR n values.                                   Figure 3. Next iteration of VNIR k values. 
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