Hil

\ U'CC EE' '''''' The near-IR absorption spectrum of HD'®0O, HD'°O, D,'®0 and D,'°O using
Fourier-transform incoherent broadband cavity enhanced absorption spectroscopy

University College Cork, Ireland

A\‘(IT Albert A. Ruth!, Michael J. Down?, Jonathan Tennyson?, Johannes Orphal?, and Pascale Chelin* lISQ | Laboratoire Inter.uriversiaire

des Systemes Atmospheériques
Karlsruhe Institute of Technology

I Physics Department and Environmental Research Institute, University College Cork, Cork, Ireland 3 Karlsruher Institute of Technology (KIT), Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, Germany
2 Department of Physics and Astronomy, University College London, London WCI1E 6BT, United Kingdom 4 Laboratoirelnteruniversitaire des Systemes Atmosphériques (LISA), Université de Paris-Est, CNRS UMR 7583, Créteil, France

MOTIVATION & INTRODUCTION APPROACH EXPERIMENTAL SETUP
Whilst the spectra of the primary isotopologue of The experimental methodology combines the concept of absorption enhancement in an optically stable cavity over a Specifications of instrument used at LISA (Paris) [8]: Specifications of instrument at UCC (Figure 1b):
water is well documented [1], there remain gaps in broad spectral range (incoherent broadband cavity-enhanced absorption spectroscopy, IBBCEAS) with the high spectral Lamp: super quiet Xe arc lamp (Hamamatsu, 75W) Lamp: super quiet Xe arc lamp (Hamam., 75W)
the knowledge of the less abundant water species [2, resolution performance of Fourier-transform (FT) detection. The latter is required to resolve the fine structure of Cavity length: d = 90 cm Cavity length: d = 165 cm
3]. Although less significant than H,*0, the important atmospheric constituents and their isotopes in the near-infrared. The development of FT-IBBCEAS was to Mirror reflectivity: ca. 0.9974 (1450 — 1700 nm) Mirror reflectivity: ca. 0.9997 (800 — 1200 nm)
understanding of these rare isotopologues remains explore the potential of this technique for high-resolution molecular spectroscopy in the near-infrared region and to FT-Spectrometer: Bruker HR125 FT-Spectrometer: Bruker Vertex 80
important for both terrestrial and stellar atmospheric improve the sensitivity, selectivity and versatility of cavity-enhanced absorption spectroscopy while keeping the sample Resolution of measurements: 0.02 cm-1 Resolution of instrument: 0.09 cm-™1
modelling as well as the completeness of volume small. | B \
spectroscopic databases. Isotopologue abundances The absorption spectrum of overtone bands of isotopically enriched water was measured between 5800 and 7000 cm™! 25 W My M; ruker | — ‘ Iy
are often used to trace atmospheric processes since [6] and analysed and assigned in the region 6000-7000 cm~*[7]. The quality of the spectra in this study is comparable to L | | L rtex 80| P53 |
isotopic variations can be caused by specific those obtained with Fourier Transform spectrometers employing standard multi-pass reflection cells, which generally Optical cavity (R Wy == - turbo pump
atmospheric drivers such as cometary and meteorite require substantially larger sampling volumes. \ | P ~ 10" mbar
deposits at the top of the atmosphere. The trace | - g
water isotopologue HD'20O, for instance, has been Xenon .. _ OﬁP;ica'
observed both in the Earth’s atmosphere [4] and in ASSIGNMENTS arc-lamp Cavity length d “
the interstellar medium [5], where isotopic The assignment procedure is based on the use of known transition frequencies for H,'°0 and H,*20, existing FT spectrometer
abundances vary significantly. Water isopologue variational line lists for and , and newly calculated variational line lists for HD'**O and D,80. The
abundances also provide unique information on the main absorption comes from HD®O and HD20, for which there are few previous assignments in the region. A T InGiaAs |
?tmOSPheriC Al cycle. Furjchermoref data on total of 4768 line were measured. Assignments to 743 new HD*®0 lines are presented. VN photodiode ‘optical
isotopically substituted water is essential for the o | B e | | E Computer \ Beamaplitta) fiber A7
development of theoretical models and in particular [~ ®% 11 e —m E ] reamp |\ \;:f& oy
helps to characterize effects due to the failure of the I Hm}?o of J — 0% -;:__ | . Unscsie - . \ % y g|aser
Born-Oppenheimer approximation which remains one ) — m | \-‘ ‘” | }e“ T l;"".l (LR | | N ) ,.
of the major sources of uncertainty in spectroscopic 31&3__ sz w M il V J{“\ wl Bl ||||| ||'|”|' ||| qii |"'|u|'”| |'| I"-"l ||| E |”| i JEL :E; T -] Figure 1a: Schematic of FT-IBBCEAS instrument at LISA and UCC. Figure 1b: Photograph of FT-IBBCEAS instrument at UCC
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j ”U f "l' "’ .1' “"" M il I j Figure 3: The combination of selected data sources Figure 5: A comparison o.f.aII 3253 observed HD!20 0.290 6.23 x 107 detection scheme has been developed for the
15 H| J V ‘ I | i for the s_ix iso’FopoIogues.c?f water in the 6000- peaks and.those 1512 rgmammg una55|gnec?l aftgr H,180 0.275 1.99 x 10°3 measurement of high resolution absorption spectra of
| ] ‘ ‘ i“ “ | : 7000 cm™ region. Intensities are scaled by the the.analy5|s. The majorlty of strong peaks in this 0186 T relevant atmospheric trace constituents in the near IR.
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1 o e _ : - T _- Table 1: Experimental and natural abundances for the six pologues, many of which are previously unobserved.
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Figure 2: High-resolution spectrum of a mixture of 8.0 mbar of : ARSI L HD20 1206 1075 levels where possible. In all 3253 of the observed 4768
D,0 and 12.4 mbar of pure H,'80 in the optical cavity recorded Wl A ] 00T T T R _ A 7 ; B 513 - line have been assigned representing the vast majority
with a spectral resolution of 0.02 cm™. The upper trace (shifted T Y~ S sl e T S T 18 of strong features in the spectrum.
upwards for clarity) shows the spectrum of the empty cavity, the Figure 6a: Upper: Residuals of obs - calc line  Figure 6b: Upper: Residuals of obs - calc line  Figure 6¢: Upper: Residuals of obs — HITRAN D,™0 273 194 273 Future work will focus on other spectral regions and
|0Wer trace shows.the spectrum c.)btai.ned with the isotopic water positions for D,80 assignments (left) and  positions for assignments (left) and line positions for H,60 (left) and the assigned 265 265 265 different target compounds.
mixture in the cavity. The recording time was 540 min. The inset the assigned features of D,!80 (right). Lower: lines assigned (right). Lower: Residuals of obs H,60 features (right). Lower: Residuals of Telile 2 A sumery of sssianments medls for cadh eisselasue.
shows 'Fhe region from 6747 to 6757 cm™. More than 4700 Residuals of obs - calc line positions for - calc line positions for HD'®0 assignments observed - MARVEL line positions for H,20 T mumlser & e sssiammenis and lbeling are sls neid
absorption lines are observed in the 6000-7000 cm™ region, assignments (left) and the D,0  (left) and lines assigned (right). (left) and the assigned H,80 features (right). ACKNOWLEDGEMENT
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