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The Matrix Isolation Spectroscopy and Optical Constants of Ices Facility

Diffusion-pumped vacuum
chamber (108 torr pressure)

Rotatable, high cooling capacity
cryogenic stage for substrate
temperatures of 5K or less (can
condense solid neon ice)

FTIR spectrometer for NIR to MIR B 2
transmission measurements g/
(14,500 cm to 450 cm! effective
wavenumber range)

Flowing-hydrogen VUV lamp

HeNe laser/photodiode for
measuring reflected HeNe power






Matrix Isolation Spectroscopy



Matrix Isolation Spectroscopy of PAH Molecules

One experimental interest is spectroscopy of polycyclic aromatic hydrocarbons (PAHSs).
Why study PAHs?

* These are molecules that are found throughout the interstellar medium but also in
haze-forming atmospheres of bodies such as Jupiter and Titan.

* The interstellar aromatic infrared emission bands (AIBs) believed to originate in PAH
molecules are seen throughout the Galaxy and in other galaxies as well.

 Van der Waals clusters of PAH molecules are also of interest because their contribution
to the AIBs is unknown.

* In particular, the clusters of PAH molecules might contribute to broad emission
“plateaus” that seem to underly the AlBs.
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Theoretical spectra for homogenous PAH clusters predict that T-oriented clusters should
have strong C—H out-of-plane bending modes that are blueshifted relative to the monomer
band position while parallel-oriented clusters should have strong C—H out-of-plane bending
modes that are redshifted relative to the monomer bands.
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Conclusions

The 11.2 um band is a diagnostic of the cluster structures.

The PAH molecules that are found in the interstellar medium are believed to be much
larger than the ones typically studied in the lab. Assuming that compact PAH structures
are favored, a redshifted feature appearing in the interstellar 11.2 um would be
expected.

The degree of redshift due to PAH clustering would seem to be too small (~4 cm1) to
explain broad (100—-200 cm-1) emission plateaus.

However, this degree of redshift is consistent with the hypothesis that PAH clusters are
evaporating very small grains contributing to the AlBs.



Optical Constants of Ices



NH;—bearing materials in the Solar System?
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Why is ammonia important in the outer Solar System?

Space environments are likely to destroy ammonia on fast time scales, so surface ammonia
implies that some kind of resurfacing process is taking place (Dalle Ore et al. 2018).

Cryovolcanism due to sub-surface reservoirs of H,O/NH; is one obvious possibility (for
example, Cruikshank et al. 2019).

There might be other possibilities, such as ammonia diffusion from below the surface,
other mechanisms for revealing subsurface ammonia, or perhaps ammonia is reacting to
form compounds with a greater lifetime near the surface.

Reduced nitrogen is also important in origin of life scenarios (remember that nitrogen
fixation to produce fertilizers through the Haber-Bosch process is a major driver of human
population growth).



Optical Constants Strategy

1. The first step is depositing the ammonia ice and making the IR transmission
measurements.

2. The second step is estimating the ice thickness. Since the ammonia ice index of refraction
in the transparent optical region is known, the ice thickness can be determined from the
interference fringes in the IR transmission spectrum. Interference fringes in the HeNe
laser reflected power can also be used to estimate this.

3. A model of the deposited ice is required. This needs to take into account ice deposited
onto the reverse side of the substrate due to molecular effusion through the vacuum
chamber.

4. Optical depths of the IR bands and the ice thickness are used to calculate the extinction
coefficient k.

5. The extinction coefficient k is used to calculate the index of refraction n using the
Kramers-Kronig relation:
2 V2 vViEQV')
n(v) =ny+ —P ———dv
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1
A Python script automating the calculations uses an iterative procedure to refine final values
of the optical constants.
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Perspectives

Matrix isolation spectroscopy of PAH clusters and associated theoretical work is in accord
with the understanding that PAH clusters are evaporating very small grains in the
interstellar medium.

Optical constants determinations for ammonia/water mixtures are in progress.

Future directions are to work with larger PAH molecules and ionized PAHs and to expand
optical constants measurements and capabilities

Experimental improvements to better measure the thickness of deposited ices are also in
progress.
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