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ARTICLE INFO ABSTRACT
Articie history: Infrared absorption cross sections for propane have been measured In the 3 pm spectral
Received 3 October 2009 region from spectra recorded using a high-resolution FTIR spectrometer (Bruker IFS 125
Received in revised Soems HR). The spectra of mixtures of propane with dry synthetic air were recorded at
20 November 2009 0.015cm ™" resolution (cakulated as 0.9/MOPD using the Bruker definition of

Accepted 28 November 2000 resolution), at a number of temperatures and pressures appropriate for atmospheric

D conditions. Intensities were calibrated using two propane spectra (recorded at 278 and
:"‘{‘W"" 293 K) taken from the Pacific Northwest National Laboratory (PNNL) IR database.




C;H, Pseudo-Linelist (PLL)

Covers 2765 — 3080 cmtat 0.005 cm spacing (63001 lines) based on
Harrison’s lab measurements.

[This is different from the pseudo-linelist covering 690-1550 cm described by
Sung et al. [2013], which was based on Sung’s own lab measurements.]

Assumes:
e ABHW =0.07
 SBHW =0.14

Line intensities and E” are retrieved.

Assumed partition function following Sung et al. [2013]

* Vibrational: Used 25/27 vibrational modes (dropping the torsional modes
at 216 & 268 cm)

* Rotational: (296/T)?



Retrieved VMR Scale Factors (VSF)

Spectrum RMS % VSF VSF _error
C3H8 195K 040.10Torr.bin 0.0962 1.0263 2.9E-03
C3H8 195K 069.22Torr.bin 0.0870 1.0260 2.6E-03
C3H8 195K 098.30Torr.bin 0.1093 1.0267 3.3E-03
C3H8 215K 052.01Torr.bin 0.0873 0.9776 2.6E-03
C3H8 215K 100.25Torr.bin 0.0521 0.9782 1.6E-03
C3H8 215K 275.35Torr.bin 0.0869 0.9789 2.6E-03
C3H8 252K 203.23Torr.bin 0.0778 0.9632 2.3E-03
C3H8 252K 405.63Torr.bin 0.0790 0.9668 2.4E-03
C3H8 250K _620.72Torr.bin 0.1132 0.9644 3.4E-03
C3H8 269K _369.30Torr.bin 0.0612 0.9837 1.8E-03
C3H8 269K 604.45Torr.bin 0.0529 0.9828 1.6E-03
C3H8 296K _762.67Torr.bin 0.0643 1.0373 1.9E-03

C,H, scale factors are all consistent within 4% (and 2% rms)
Spectral fits are typically better than 0.1% rm:s.



Fits to Lab spectra: Full Band
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Fits to lab spectra: Q-branch
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Fits to MkIV ground-based
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C;Hg Q-branch lies in wings of strong CH, lines at 2968-2969 cm™ and so the retrieved
C3H8 is very sensitive to assumptions about CH, widths, pressure shifts, and line mixing.



Fits to MkIV ground-based (zoom)
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Same as previous figure, but y-zoomed to see the C;Hg absorption contribution



z970122R0.008 9= 52.15° Z;=

T

Transmittance

1
0
-1

1.0

0.8

0.6

0.4

0.2

Kitt Peak
20 Torr CH,

= 0.2740% [dz= 0.638+0.

T

T 17T [ T T T [

T

Peak 20 Torr (HITRAN 2008)

ch4

Frequency (cm

:970122R0.008 = 52.15° Z;=

0.00km o

rms

0.2573% fdz= 0.635+0.(

L B 5 AL e

|

L L LA N e

Transmittance

““““

Kitt Peak 20 Torr (HITRAN 2012— June ]
| L 1

“““““““““

L

ch4

2965 2966

z970122R0.008 9= 52.15° Z;=

2967
Frequency (cm™")

2968

0.00km ¢

rms

2969 2970

= 0.2496% [dz= 0.633+0.

T

= T

LA B s S B A I B B B

LA e

T

LI B B e

L e A |

0.4

Transmittance
T T T ‘ T T T

T

0.2

_Kitt Peak 20 Torr (ATM 2013)

v¥ve ch4

2965 2966

2967

Frequency (cm

2968

)

2969 2970



:821206R0.006 y= 162 09° Z,=

Transmittance

Kitt Peak CH4
500 Torr

0.00km o,,,= 0.4973%

rms

vvvvvvvvv

:821206R0.006 ¢=162.09° Z.,=

“““““

T T T

Kltt peak 500

“““““

Torr (HITRAN 2008)

0 0 T N I

“““““

eh4

2967 2968
Frequency (cm™')

0.00km o

rms

= 0.4973% fdz= 3.324+0.043x10"°

o[
1
0
-1
-2
1.0
0.8
]
]
5 06
-
=
=
g
(UO.4
o
E
0.2
00 Kltt peak 500 Torr (HITRAN 2012 Jne)
2965 2966 2967 2968 2969 2970
Frequency (cm™)
821206R0.006 y=162.09° Z;= 0.00km o,,.= 0.2753% Sdz= 3.295+0
B e e e R e R B R e
058 . //”“/\\J\/\M M AN o g AA.A
0.0 \f A Ay o Lvg MW
-05 U/ V
10‘“1““““‘ P A S R A A R
1.0 [ [ [

0.8

0.6

0.4

Transmittance

0.2

0.0 L.

eh4

2966

2967
Frequency (ecm™)

2968




Sung et al. [2013]
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FT-IR measurements of cold C3Hg cross sections at 7-15 pum for Titan
atmosphere
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ARTICLE INFO ABSTRACT

Article Rlwtory:, We present absonption cross sections of peopane (CyHy) at temperatures from 145 X 10 297 K in the 690-
Received 18 Apnil 2013 1550 cm ¥ region. Pure and Ny-broadened spectra were measured a8 pressures from 3 Torr 1o 742 Torr
Revised 18 July 2013 using a Beuker IF5125 FT-IR spectrometer at JPL. The gas absarption cell, developed at Comnecticut Col-

Accepted 19 July 2013

Avaiiable oaline 2 A 2013 Jege. was cooled by 2 closed-cy<le helium refrigerator, The cross sections were mwasured and compiled

for individual spectra recorded at various experimental conditions covering the planetary atmosphere
and Tian, In addition to the crods sections, a peropane psewdoline list with 2 frequency grid of

—dgpins i Y 0.005 cm ', was fitted to the 34 laboratory spectra. Line intensitios and Jower state energies were
Radiative transfer retrieved for each line, asseming a constant widrh, Vaidation tests showed that the psewdoline list repro-
IR spectroscopy duces discrete absorption features and continuum, the latter contributed by numerous weak and hot
AImospheric composition band features, in most of the observed spectra within 3X, Based on the pseudoline list, the 1ocal intensity

in the 690-1550 cm ' region was determined to be 52.93 (23%) < 10 " om "[{imolecule cm ¥) a2 296 K:
this value is within 3X of the average from fowr earier studies, Fimally, the merit of the psesdoline
approach is addressed for heavy polyatoméc molecules in support of spectroscopic observation of atmo-
spheres of Titan and other planets, The coid cross sections will be submatted to the HITRAN database
(hitranharvard.edu), and the list of CyH, psewdalines will be avallable from a MX-IV website of JPL
(herp: /imarkdsun, jpi nasa govdataspec/ Pseado),

© 2013 Elsevier Inc. All ights reserved.



