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Introduction: In recent years, a growing number 

of extrasolar planets have been found with diverse 

planetary parameters. These parameters, such as tem-

perature, mass, and orbital period, suggest that the 

atmospheres of the planets should be similarly diverse. 

Current models of exoplanet atmospheres are extreme-

ly limited due to a lack of relevant laboratory data on 

the properties of possible atmospheric constituents.  

A white paper published in 2016 based on discus-

sions of the National Aeronautics and Space Admin-

istration’s (NASA) Nexus for Exoplanet System Sci-

ence emphasized the importance of obtaining high 

quality spectroscopic data on the condensates expected 

to form clouds in exoplanet atmospheres [1].  

Many of the condensates theorized to be present in 

the atmospheres of these planets are silicates and met-

als [2]. By collecting IR spectral data of these conden-

sates at a wide range of temperatures, a database of 

analogous spectra can be compiled to diagnose spec-

tral observations of exoplanets made by missions such 

as the Transiting Exoplanet Survey Satellite (TESS) 

and the James Webb Space Telescope (JWST). 

Methods: The data for this experiment was col-

lected at NASA Goddard Space Flight Center using a 

Mattson RS-10000 Fourier Transform InfraRed 

(FTIR) spectrometer operating in the near and mid-IR 

regimes. In order to allow data of the requisite tem-

peratures and pressure to be collected, the FTIR was 

retrofitted with an AABSPEC #2000-A multimode 

system, that housed samples and allowed them to be 

heated up to temperatures of 1173K under pressures of 

105 torr – 10-8 torr. This apparatus was then tested 

extensively by reproducing accepted spectral meas-

urements of various materials to ensure any new data 

it produced would be reliable.  

A number of different candidates thought to be 

atmospheric condensates were identified to be tested, 

including silicon dioxide (SiO2), perovskite (CaTiO3), 

enstatite (MgSiO3), iron oxide (FeO), and forsterite 

(Mg2SiO4) [3]. Forsterite was chosen to be the first 

condensate measured during this investigation. The 

forsterite grains were ground into a powder using a 

Retsch PM 100 CM centrifuge and then placed in the 

sample holder of the AABSPEC cell. The sample was 

then subjected to a pressure of 10-6 torr and initial 

spectral measurements were taken at 373K and subse-

quent measurements were taken in 373K increments 

up to 1073K. Each measurement consisted of 1000 

scans with a resolution of 4cm-1 to ensure accuracy.   

Results: The spectra of the forsterite samples 

showed a steady decrease in peak height and the y-

offset of the 10µm feature as the temperature was in-

creased. The full width half at half maxima (FWHM) 

was observed to have increased at the temperatures 

increased. This behavior can clearly be seen in Figure 

1.  

 
Figure 1. Spectra of a forsterite sample taken at 373K 

(top) and 1073K (bottom). 

The collected spectral measurements were para-

metrized using Gaussian fitting and the results are 

summarized in Table 1. The temperature at which the 

sample is measured appears to have a significant ef-

fect on the characteristics of the observed spectral fea-

tures of forsterite.  
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Table 1: 10µm feature peak heights, y-offsets, and 

full width at half maxima values observed at tempera-

tures from 373K to 1073K.  

Discussion: The 10µm spectral feature observed 

during this investigation can be attributed to the 

stretching of the silicate’s SiO bonds. The variation in 

this feature due to temperature changes suggests that 

the behavior of the associated bond is affected by the 

temperature of the sample.  

Because such a significant change in the spectra of 

forsterite was observed during this investigation, tak-

ing measurements of other potential condensates un-

der similar conditions is necessitated. Additionally, 

remeasuring forsterite samples at smaller temperature 

increments might provide a more robust picture of the 

effects of temperature on the characteristics of the 

spectra.  

Conclusion: The spectral properties observed dur-

ing this investigation can be used to help improve 

observations and characterizations of exoplanet at-

mospheres by acting as inputs at different temperature 

regimes in our current models. This data should also 

help to predict and diagnose the spectral features that 

missions like TESS and JWST will measure when 

observing the atmospheric constituents in the plane-

tary transmission spectra of hot Jupiters and brown 

dwarfs. Additional metals and silicates should be in-

vestigated using a similar procedure in order to ex-

pand the catalog of reference spectra and provide the 

needed laboratory data to help us better understand the 

atmospheres of these exoplanets.     
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