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Introduction: Significant effort is being made to
characterize the atmospheres of recently discovered
exoplanets. Observational photometry or spectra of
large, gaseous planets are analyzed to help us under-
stand characteristics of the observed planet including
temperature, mass, atmospheric chemistry, and even
provide hints about planetary evolutions. As we con-
tinue to improve our understanding of this new data,
these new worlds are pushing our knowledge of plane-
tary environments which have previously been limited
to our own Solar System.

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]. Laborato-
ry work to characterize the spectra of these conden-
sates is crucial to understanding observations of ex-
oplanet atmospheres and to serve as a diagnostic tool
for future observations.

While laboratory spectral databases do exist, they
are often limited to terrestrial temperatures. Many of
the exoplanets being discovered have effective temper-
atures that are significantly higher, for which no such
databases exist. At these higher temperatures not only
will there be a temperature effect on the measured
spectra, but also the molecular species could be unan-
ticipated.
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Figure 1. Modeled P-T profiles of atmospheres with
increasing effective temperatures, overlaid with con-
densation curves (dotted lines) of expected atmospher-
ic constituents. Cloudless models in blue, and cloudy
models (red) and (orange). Figure from [3].
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As seen in Figure 1, even a “low” temperature
planet of approximately Ter= 500 K could form a vari-
ety of species of refractory clouds deep in the atmos-
phere [2]. It is vitally important that laboratory spectral
measurements, for a variety of hypothesized atmos-
pheric constituents, are taken for better accuracy of
exoplanet characterization endeavors.

Methods: Absorbance spectra was collected at
NASA Goddard Space Flight Center using a Mattson
RS-10000 Fourier Transform InfraRed (FTIR) spec-
trometer operating in the near and mid-IR regimes (2
pwm — 17 pm). In order to allow data of the requisite
temperatures and pressure to be collected in situ, the
FTIR was retrofitted with an AABSPEC #2000-A mul-
timode system (Figure 2), that houses samples and
allows them to be heated up to temperatures of 1100 K
under pressures of 133 bar — 10°!! bar.
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Figure 2. Exterior view of the Aabspec cell used to
obtain spectra for this investigation. Powered samples
were loaded into the Aabspec cell and placed into the
FT-IR spectrometer for measurements.

For this investigation, a number of refractory mate-
rials hypothesized to be exoplanet atmospheric con-
densates were identified and the absorbance spectra
was measured. Spectral data for forsterite (Mg2SiO4)
and enstatite (MgSiOs) has previously been collected
with this apparatus and presented.

The samples used for this investigation were pow-
dered and placed in the sample holder of the
AABSPEC cell. The cell was pumped under vacuum to
pressures of 9.3e® bar and initial spectral measure-
ments were taken at 300 K. Subsequent measurements
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were taken in 50 K increments up to 1100 K. Each
measurement consisted of 1000 scans with a resolution
of 4 cm™! to ensure high resolution data. The data for
each sample was normalized and plotted to demon-
strate the change in features with increasing tempera-
ture.

Results: The preliminary spectra for SiO2 shows a
steady shift in peak position and decrease in the peak
height of the characteristic molecular spectral features
as the temperature was increased. The data also shows
that the full width half at half maxima (FWHM) in-
creased as the temperatures increased, broadening the
feature. This behavior is illustrated below in Figure 3.
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Figure 3. Preliminary spectra of SiO: taken at temper-
atures ranging from 300 K to 1100 K.

The temperature at which the sample is measured
appears to have a significant effect on the characteris-
tics of the observed spectral features. These trends in
peak position, peak height, and FWHM are consistent
with those observed in forsterite and enstatite during a
previous investigation.

Conclusions: Observably significant changes in
spectra with temperature demonstrate the need for fur-
ther studies on other potential condensates. The com-
pounds in this study will undergo further investigations
to more accurately distinguish the effect that tempera-
ture has on spectra. Laboratory work to characterize
the spectra of refractory cloud condensates is crucial to
understanding observations of exoplanet atmospheres
and to serve as a diagnostic tool for future observa-
tions. A comprehensive catalog of reference spectra
will provide the needed laboratory data to help us bet-
ter understand the atmospheres of these exoplanets.
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