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HH46 IRS NIRSpec + MIRI spectrum
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CHAMAELEON | DARK CLOUD BACKGROUND STAR NIR38

ICE CHEMICAL COMPOSITION
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Infrared: absorption gas and solids
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Spectral energy dlstrlbutlons (SEDs)
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The prestellar core is the dark cloud B68 as
observed by VLT/FORSL1.

The Class 0 object is the HH212 protostar in Orion as
observed by ALMA16.

The Class | object is HH30 as observed by the
Hubble Space Telescope.

The Class Il object is an ALMA view of the proto-planetary
disk surrounding the young star TW Hydrae.

The Class Ill object is the image of the system HR
8799 with three orbiting planets. The image has been

acquired at the Keck Il telescope.
Bianchi et al., (2019)



lce formation threshold

25 = Oberg, Chem. Rev. (2016)
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Ice different phases
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R=2000
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Vibrational
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More complex
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CO, ice toward different objects

Solid CO, Is a good indicator of the temperature R
history in the envelopes of young stars
Nl MR
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Surface Formation of CO, in Space
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Surface Formation of CO, in Space

Disk Hot core Collapsing envelope Precollapse
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Open question on structure of CO, in ices

Is CO, mixed up with other frozen
components, or is it segregated In
multilayer structures?

Has It attained a crystalline
arrangement, or does it have an
amorphous structure?

Can we reproduce all the above
conditions in the lab?
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Infrared profile of CO, ice bands
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Fig. 1. Schematic depiction of the ultra high vacuum chamber. Fig. 2. Schematic representation of the upper level of the main chamber
of the ISAC experimental set-up, where gas deposition onto the cold
substrate forms an ice layer that is UV irradiated. FTIR and QMS tech-
niques allow in situ monitoring of the solid and gas phases.
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Infrared profile of CO, ice bands
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Figure 1. Infrared spectra of the v (left) and 1/, (right) bands of CO, ices made near 10 K. The ice thickness was 0.10 pm in each case and the substrate chosen was
KBr. Spectra were calculated (Swanepoel 1983) using the optical constants of (a) Ehrenfreund et al. (1997), (b) Hudgins et al. (1993), (c) Baratta & Palumbo (1998),
and (d) Rocha & Pilling (2014). Spectra are offset for clarity.

Gerakines and Hudson, ApJL (2015)



Infrared profile of CO, ice bands
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Figure 2. Infrared spectra of the 5 (left) and v, (right) bands of solid CO,. The CO, ice sample was grown at 10 K to give (a) an amorphous solid that (b) crystallized
on warming to 70 K and then was recooled to 10 K to give the spectrum shown. The thickness of the initial sample was about 0.03 um. Spectra are offset for clarity.

Gerakines and Hudson, ApJL (2015)



Infrared profile of CO, ice bands
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Figures 9 and 10. Infrared spectra of solid CO,. (Top panels) Spectra are acquired after sample deposition at 17 K, after thermal annealing to 77 K and after
cooling down to 17 K. (Bottom panels) Spectra are acquired after sample deposition at 70 K, after thermal annealing to 77 K and after cooling down to 17 K.
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Infrared profile of CO, ice
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Crystallization of CO, ice
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CO, - From VUV to Far-IR
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Relative Absorbance (arb.)

CO, —in the Far-IR (THz)
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RAIR Spectra of CO, ice
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Fig. 3. RAIR spectra of CO, samples deposited at 14 K with a growing
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the LO modes in transmission spectra of pure crystals at a 30° incidence (19).
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Lab Ice Surface Astrophysics (LISA)
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Selective IR-induced Spectral Changes
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Vibrational excitation heats ice locally causing
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Selective IR-induced Spectral Changes

Pure CO, ices
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Selective IR-induced Spectral Changes

Pure CO, ices
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Selective IR-induced Spectral Changes

H,0:CO, mixed ices
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Key Points

Solid H,0, CO, CO, are some of the most abundant
species detected in ice grain mantles in the ISM

Debate on the structure (amorphous vs crystalline) of
CO, samples obtained in laboratory by thin-film
techniques is still open — but converging

IRFEL irradiation of CO,-rich ices suggests that the ice
behaves as an amorphous material when deposited at
low temperatures

Complementary spectroscopic VUV/IR/THz techniques
can help understanding the physicochemical evolution
of interstellar ices



. [ 2 A=




