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Introduction:  IR spectroscopy is a key technique 

in the investigation of mineralogical composition of 
rocky surfaces and is a reliable groundwork for 
planetary remote sensing [1]. Nevertheless, nowadays a 
great number of properties of minerals can be calculated 
ab initio. Ab initio calculations are physically consistent 
methods, largely used to reproduce and forecast 
properties of crystals, potentially at any pressure and 
temperature condition, requiring the least possible 
amount of a priori empirical information [2]. 
Laboratory experiments can largely benefit from the 
integration of ab initio modelling, overcoming the 
limitations of experimental investigations with a level 
of accuracy, which is often within the range empirical 
errors. The calculations provide an independent 
verification of the experimental results. It follows that 
these methods can be extremely useful in planetary 
science where the effects of extreme temperature 
variations are very commonly observed studying rocky 
planets or asteroids and help in the implementation of 
laboratory investigations. 

Goals of the study:  In this study, thermal-IR (TIR) 
spectra at high temperature are modelled by means of 
Density Functional Theory (HF/DFT) with the 
CRYSTAL code, based on our experience with the 
modelling for olivine [3]. The aim is to understand 
which absorption bands are more influenced by the 
changes in the temperatures of the planetary surface and 
to provide a theoretical background for the systematic 
interpretation of the experimental data, (laboratory and 
remote sensing). The reliability of the modelling is 
corroborated by the comparison with the experimental 
data measured in the same range of temperatures. 
Moreover, the study aims to support the existing 
experimental groundwork [4] which will support the 
data acquired by MERTIS [5], the Mercury Radiometer 
and Thermal Infrared Spectrometer (MERTIS) on board 
of the Mercury Planetary Orbiter (MPO) of the ESA-
JAXA mission BepiColombo launched in October 
2018. 

Methodology:  The approach is here tested on 
orthoenstatite (Mg2Si2O6). We modelled by means of 
Density Functional Theory (HF/DFT) the emissivity 
spectra at high temperature of the endmember. The 
simulations were performed at two temperatures: 300K 
and 1000K. The modelled spectra were then compared 
with the experimental emissivity of a natural sample of 
orthoenstatite (Ca0.01Mg1.73Fe2+0.25Si2O6), measured 

from 320 K up to 900 K with steps of 100 K at PSL, 
Berlin.  

Preliminary results: Eight band minima are 
identified, that as a reference to the work of Hamilton 
[6], we refer to them as critical absorptions (CA). 
However, as in the previous example for forsterite [3], 
here the comparison of spectral feature between 
emissivity spectra and simulated 1-R spectra is shown 

within the range of 1200-600 cm-1, which is here 
reported in Figure 1a. 

CA1 is not extremely sensitive to the increase of 
temperature; for instance, if we consider the difference 
between the band minima position here defined as ∆λ 
(express in cm-1) respectively at the two stages of 
temperature (320 – 900 K for the experimental and 300 
– 1000 K for the calculated), it shows a ∆λ within a 
temperature range of 5 cm-1. Temperature effects are 
more pronounced for CA2 and CA3 where the ∆λ is 

Figure 1: a. (top) Comparison between calculated 1-R mid-IR spectra and 
experimental emissivity measurements. b. (bottom) linear fit of 
experimental and calculated band minima trends as function of 
temperature. 
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respectively of 12 and 14 cm-1. CA4 follows a similar 
behavior of CA1 with a ∆λ of 5 cm-1.  

The overall band minima trends with temperature 
(both calculated and experimental) can be modeled with 
a linear fit of the band minima (Figure 1b).  

Outlooks: The shifts in the spectral features due to 
the temperature are foreseen and closely reproduced in 
the calculated spectra. As expected we observe some 
difference between the modelling based on the perfect 
endmember and the laboratory measurements of a 
natural sample.  

Overall a good agreement between the calculated 
and experimental band minima shift is shown, 
especially within the wavelength range of MERTIS (7-
14 μm, 1400-700 cm-1), considering not only a 
qualitative comparison between the calculated and 
experimental data, but also the linear fits between the 
temperature and critical absorptions (CA). It is also 
shown how the slope of the critical absorption with 
temperature are of the same order of magnitude in 
experimental and calculated. 

The calculations corroborated by the measurements 
confirmed that the bands at 986 cm-1 (10.1 µm) and 968 
cm-1 (10.3 µm) are most sensitive to temperature effects.  
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