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Infrared absorption spectra for pure and He broadened propane have been recorded in the far-IR region
(650-1300 cm~") at the Canadian Light Source (CLS) facility using either the synchrotron or internal glow-
bar source depending on the required resolution. The measurements were made for 4 temperatures in the
range 202-292K and for 3 pressures of He broadening gas up to 100 Torr. Infrared absorption cross sec-
tions are derived from the spectra and the integrated cross sections are within 10 % of the corresponding
values from the Pacific Northwest National Laboratory (PNNL) for all temperatures and pressures.
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Introduction

High resolution Fourier transform infrared (FTIR) spectroscopy
is one of the most commonly used techniques for determining ac-
curate molecular constants of gaseous molecules. These constants
are used to generate line lists which can be applied to many at-
mospheric and planetary models, allowing for better interpretation
of spectra and quantification of different species in various envi-
ronments. Although this technique provides very accurate spectro-
scopic data, one major drawback is the increase in spectral con-
gestion and complexity as the number of atoms in a molecule in-
creases. One such molecule is propane.

Possessing 11 atoms and a C,, equilibrium symmetry, propane
has 27 fundamental vibrational modes; 7 of which lie below
1000 cm~!in energy. These low energy states give rise to many
hot bands that have appreciable intensity at warm (and even cold)
temperatures which add to the line density of high resolution
spectra and further complicates the analysis. As a result, there is
a limited amount of accurate spectroscopic data of propane avail-
able: vg (369 cm™1) (Tchana et al., 2010), vy; (921 cm~1) (Perrin et
al., 2015), v95 (745 cm~1) and 2vg-vg (370 cm~1) (Flaud et al., 2010)
have been rovibrationally analyzed. Using microwave and submil-
limeter wave techniques (Drouin et al., 2006), the two lowest fre-
quency vibrational levels (torsional modes situated near 217 cm~!
and 265 cm~! (Grant et al., 1970)) have also been analyzed.

Due to a lack of accurate spectroscopic data, it is difficult to
directly quantify and model propane in planetary atmospheres
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and this leads to inaccuracies when reporting atmospheric com-
positions. To help alleviate this issue, absorption cross-sections
can be used in place of molecular constants. As absorption cross-
sections are only dependent on the physical conditions of an ex-
periment such as pressure and temperature, there is no need to
analyze complex spectra in order to obtain accurate molecular
constants. This becomes particularly important when interpreting
spectra of gas giants such as Saturn, where propane has been de-
tected (Guerlet et al., 2009).

Absorption cross sections of propane have previously been
recorded mainly using two techniques: He-Ne laser spectroscopy
and Fourier transform infrared (FTIR) spectroscopy. Because of the
overlap between He-Ne laser line at 3.39 um and the C-H stretch-
ing bands of propane in the 3 um region (Jaynes & Beam, 1969),
it is possible to monitor propane in combustion environments at
elevated temperatures (Klingbeil et al., 2006; Mével et al., 2012;
Yoshiyama et al., 1996). FTIR spectroscopy has been used to mea-
sure absorption cross sections of propane under conditions that
are relevant to brown dwarfs and hot Jupiters (Beale et al., 2016),
as well as the atmospheres of Earth and Titan (Sung et al., 2013).
Databases such as GEISA (Jacquinet-Husson et al., 2016) and HI-
TRAN (Rothman et al.,, 2013) also contain spectroscopic data for
propane, however they are more relevant to Earth rather than gi-
ant planets.

Given that the dominant gases on Jupiter and Saturn are H, and
He, it is necessary to obtain absorption cross sections of propane
that are broadened by the appropriate gases at the correct temper-
atures and pressures. By doing so, this allows for direct comparison
between laboratory measurements and those recorded from pass-
ing satellites.
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Previously, we have reported absorption cross sections of pure
and H, broadened propane between 200-298 K in the far-IR (FIR)
region (600-1200cm~') (Wong et al., 2017). These works are part
of a larger research project which explores a range of small hy-
drocarbons that are found in cold planetary atmospheres, such as
ethane (Hargreaves et al., 2015). The chosen temperatures corre-
spond to the observed temperatures in different regions and alti-
tudes of both Jupiter’s and Saturn’s atmosphere (e.g. the auroral
regions of Jupiter (Sinclair et al., 2017)). Here, we present absorp-
tion cross sections of pure and He broadened propane within the
same region and temperature regime as our previous work. Helium
broadening parameters can be extracted from these data can then
be used in radiative transfer models which would also incorporate
hydrogen broadening. In an upcoming study, absorption cross sec-
tions of pure and broadened propane (with either H, or He) will
be obtained from spectra recorded at temperatures as low as 150 K.

Experimental

Spectra of pure and He broadened propane were recorded at
the Canadian Light Source (CLS) Far Infrared beamline using a
White-type multipass cell set to 8 m (base length of two meters
(Johns et al., 1993; McKellar & Billinghurst 2015a, 2015b)) with
a Bruker IFS 125 HR spectrometer. The spectrometer was fitted
with a KBr beamsplitter, a liquid He cooled Ge: Cu bolometer
and used either the external synchrotron radiation or the inter-
nal glowbar source. A NESLAB ULT-80DD refrigerated re-circulating
methanol bath was used to cool the cell from ambient tempera-
ture (292 K) down to about 200 K. The cell temperature was mon-
itored with 4 wire PT100 RTD sensors and left to equilibrate at
each desired temperature. This reduced the temperature gradient
across the cell and fluctuations during a measurement. Four tem-
peratures were used: 202 K, 232K, 261K and 292 K. The recorded
resolution was adjusted depending on the observed full-width at
half-maximum (FWHM) of unblended lines (columns 4 and 5 in
Table 1) to maximize scan efficiency and signal-to-noise levels.

Samples involving pure propane were introduced into the cell
and monitored using a 10 Torr (1.33 kPa) Baratron pressure gauge.
The accuracy of this pressure gauge is estimated to be 40.003 Torr.
The pressure used was high enough such that the intensity of the
V56 band (centered near 750 cm~!) remained below saturation. For
propane-He mixtures, the cell was pre-filled with a small amount
of propane before back-filling the desired amount of He specified
in Table 1. A second Baratron pressure gauge (100 Torr, 13.3 kPa)
monitored these higher pressures. In addition to the pure propane
sample, three He-broadened spectra were recorded with total pres-
sures (propane plus added He) of 1.066 kPa (8 Torr), 4 kPa (30 Torr)
and 13.33 kPa (100 Torr).

For each set of experimental conditions (16 in total), back-
ground scans were recorded before and after each sample mea-
surement. Pairs of forward and backward interferograms were
recorded and Fourier transformed using a Blackman-Harris 3-Term
apodization function and a zero-fill factor of 2. Single channel
profiles were then post zero-filled with an additional factor of 4
to provide more accurate line positions and intensities. Individual
files were averaged together and the final transmission spectrum
was obtained by dividing the sample measurement with the most
appropriate background measurement.

Results and discussion
Calibration
Absorption cross sections were obtained from the Pacific North-

west National Laboratory (PNNL) database (Sharpe et al., 2004)
that were recorded at three temperatures: 278 K, 298 K and 323 K.

Table 1
Summary of P and P values for each experiment with corresponding FWHM of
unblended lines near 700 cm~!.

Pure

T (K) P (Pa) Peff' (Pa) FWHMP (cm~')  Resolution (cm~')
Sample Background

23205 3200 3186 ca. 0.002 0.00096  0.001536

261.15 40.53 41.97

292.34 46.00 39.52

1.066 kPa total pressure

T (K) P (Pa) Peff* (Pa) FWHM" (cm~')  Resolution (cm~1)
Sample  Background

202.05 26.80 26.28 ca. 0.010 0.005 0.04

232.25 30.93 29.88

261.35 59.06 56.78

292.15 72.79 74.50

4 KkPa total pressure

T (K) P (Pa) Peff> (Pa) FWHMP (cm~')  Resolution (cm™')
Sample  Background

202.35 75.73 74.09 ca. 0.029 0.01 0.04

232.25 106.66 114.54

261.25 104.79 97.35

292.25 115.72 114.04

13.33 kPa total pressure

T (K) P (Pa) Peff* (Pa) FWHMP (cm~')  Resolution (cm™')
Sample  Background

201.85 159.99 165.08 ca. 0.096 0.04 0.04

23115 159.99 168.54

261.35 146.79 148.66

29215 173.72 171.50

2 Effective pressures after calibration using PNNL cross sections (see text).
b Linewidths were measured using spectra recorded at 200K, giving the nar-
rowest FWHM.

Since the cross sections have units of ppm~! m~1, it is necessary to
convert them to the appropriate units (cm? molecule~!) by mul-
tiplying the absorption cross section with a factor, F=9.28697 x
10-16 (Eq. 1),

ks x T x In (10) x 10* (1)
0.101325

where T=296K. The integrated cross section values can then
be determined by integrating over the desired spectral range.
It is possible to integrate across the entire spectral range (i.e.
600-1200 cm~1!), however there is some noticeable variation in
the baseline level of each absorption cross section which af-
fects the determined values: 7.716 x 10-19, 9.641 x 10-'° and
9.137 x 1019 cm molecule~! at 278 K, 298 K and 323 K respectively,
are obtained. As a consequence, there was a need to restrict the
lower and upper integration limits, to 680 and 970 cm~! respec-
tively, in order to minimize the influence of the baseline. Further-
more, only the absorption cross section recorded at 298 K was used
as it had the flattest baseline within the chosen integration limits.

F =

Cross sections and calibration

An absorption cross section can be obtained from a transmis-
sion spectrum using Eq. 2 (Harrison & Bernath, 2010):
10%kT
Pl

where (v, T) is the absorption cross section (cm? molecule~1!). kg
is the Boltzmann constant (JK-1), P is the pressure (Pa), [ is the op-

o T)= &

Int(v,T) (2)
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