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Example # 1: H,O at 3.05 um (3279 cm-)
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Example # 2: CH,;OH at 3.53 um (2885 cm™1)

NGC 7538 IRS 9
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Example # 3: OCN-at 4.62 um (2165 cm™1)

H,O + NH, + CO (5:1:1)
17 K, p+ Irradiation
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Complete ISO 2.4 — 25 pym SWS flux spectrum of W33A
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Factors affecting general characteristics
of IR absorption features such as
precise peak position, band shape, and FWHM

Pure Ices

(1) Phase - Amorphous and Crystalline
(2) Temperature
(3) Crystalline quality



(1) Peak position, band shape, and FWHM depend on:

Phase (Example # 1)
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Peak position, band shape, and FWHM depend on:
Phase (Example # 2)
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(2) Peak position of 355 350 345 230 220 210
crystalline-phase ices
depends on:

Temperature
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(3) Peak position, band shape, band splitting, and FWHM
depend on:

Crystalline Oualit
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Factors affecting general characteristics
of IR absorption features such as
peak position, band shape, and FWHM

lcy Mixtures

(1) Matrix material, e.g. polar or non-polar
(2) Concentration
(3) Temperature
(4) Phase
(5) Crystalline quality



(1) Peak position, band shape, and FWHM depend on:
Matrix
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Peak position, band shape, and FWHM depend on:
2 Concentration and 3 Temperature
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(3) Peak position, band shape,
and FWHM depend on:

Phase

(b) H,0+CH,0H
(10:1)

Far-IR spectra comparing amorphous
and crystalline-phase pure H,O with
H,O-dominate mixtures
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(5) FWHM depends on:
Crystalline Quality

12CO, band in H,0:CO, ice
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Calculated parameters from
laboratory data of value for
astronomers

1. Intrinsic band strength (A-value)
2. Absorption coefficient (a)

3. Optical constants (real (n) and imaginary (k)
parts of the complex refractive index)



(1) Intrinsic band strength, A-value (cm/molec) — knowing the
A-value and the area of the absorption feature means you can
calculate the column density of that material in the observed line
of site.

Density
Thickness

(2) Absorption coefficient, a, (cm) — knowing « one can
estimate the extinction coefficient (k) using
k=o/4nv.

Thickness
Reflection losses are negligible



Example -- error in A-value when you
don’'t consider reflection losses

Area/N = Intrinsic Band Strength, A-value (cm/molec)

A-value - 8.77 x 10'18 cm/molec
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(3) Optical constants (n and k-values) — knowing
these values, observed spectra can be treated
guantitatively using a radiative transfer approach.
Combined with scattering theory and particle size
distributions, one can calculate synthetic spectra for
fitting purposes.

Thickness
Density
Index of refraction



Summary of Some Current and Future
Needs

 Laboratory IR spectroscopy of ices/icy-mixtures
(relevant temperature and phase)

 Extraction of optical constants from spectra
(mid-IR and far-IR regions)

e Determination of index of refraction

 Measurement of ice density for well determined
laboratory conditions



Hudgins et al. 1993

Existing Optical Constants
Example #1

Amorphous- phase ice at
different temperatures
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NH3 + CO



a. amorphous b. crystalline
Moore et al. 2010

—

Existing Optical Constants
Example #2 - nitriles
Amorphous- and Crystalline
phase ices at different
temperatures
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http://science.gsfc.nasa.gov/691/cosmicice/

Lab Tour - Visiting Scientists - Mews ltems - Links : Contact Us

The Cosmic Ice Laboratory

Ices Cur research area is laboratory astronomy. We conduct radiation, photochemical, and other experiments related to comets,
interstellar matter, and icy satellite surfaces. Since 2003 we have been a member of the Goddard Center for Astrobiology.
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