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1. Introduction
In the last decade there has been a tremendous increase of interest in studying processes

occurring on IS dust. In part this is due to the availability of ground-based and space-
borne high quality instruments which have been used to detect molecules in diverse
astrophysical environments, from protoplanetary disks to hot cores and dense clouds.
It has also been recognized that IS dust has an important role in the formation of
molecules, from molecular hydrogen to methanol. Therefore, it is necessary not to study
only properties of dust, but also understand how atoms and molecules interact with and
on dust.

This has prompted a number of laboratories with a tradition of working in surface
science to study the processes associated with dust. Besides the standard probes that
have been used in the past, now there are available techniques that can give precise in-
formation at the atomic/molecular level about the formation of molecules on dust. For
instance, Thermal Programmed Desorption (TPD), Reflection Absorption Infrared Spec-
trometry (RAIRS), Resonant Enhanced Multiphoton Ionization (REMPI), and Atom
Force Microscopy (AFM) give information about the kinetics and energetics of diffu-
sion of atoms/molecules on and desorption from surfaces, the products of reaction, the
ro-vibrational state of ejected products, and the morphology of the solid surfaces, respec-
tively. One of the consequences of the interest by surface science laboratories in studying
physical/chemical properties of dust analogues and reactions occurring on them is that
works of interest to astrochemistry are now regularly published in chemical physics/ sur-
face science journals such as J. Chem. Phys., J. Phys. Chem., Phys. Chem. Chem. Phys.,
Surface Science, and others.

While in the past there has been a large number of laboratory studies of the interaction
of charged particles and radiation with ice-covered dust grain analogues, most recent
work points at new directions of research that will likely continue to be studied in the
near future, i.e. the formation of molecules in/on ices by hydrogenation reactions, the
properties of mixed ices, and the formation and properties of dust particles, including
nanoparticles. Observations with ALMA, SOFIA and Herschel will yield more detailed
information on dust and molecules, and theoretical studies will need to sort out the role
of dust particles in molecule formation.

2. Meetings
Sessions about atomic/molecular interaction with surfaces are often featured at regu-

larly scheduled COSPAR, AAS and Lunar and Planetary Institute meetings. For more
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information about these meetings, visit the Web sites of the respective organizations. For
information about the meetings below, visit the web site of the Canadian Astronomy Data
Centre (Web link: <www1.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/meetings/>). Unfortu-
nately, a number of meetings’ official web sites have been taken down.

Most important meetings (listed in inverse chronological order):
• Cosmic Dust – Near And Far, Heidelberg, Germany, 8-12 September 2008
• Bridging the Laboratory and Astrophysics, 212th AAS, St. Louis, MO, USA, 1-5

June 2008
• The Molecular Universe: International Meeting on the Physics and Chemistry of the

IS Medium, Arcachon, France, 5-8 May 2008
• AbSciCon 2008: Fifth Astrobiology Science Conference, Santa Clara, CA, USA, 15-

17 April 2008
• Titan Observations, Experiments, Computations, and Modeling, Miami, FL, USA,

24-26 March 2008
• Organic Matter in Space, IAU Symposium No. 251, Hong Kong, 18-22 February 2008
• The Evolving Insterstellar Medium in the Milky Way and Nearby Galaxies, Pasadena,

CA, USA, 2-5 December 2007
• Bioastronomy 2007: Molecules, Microbes, and Extraterrestrial Life, San Juan, PR,

USA, 16-20 July 2007
• Origins of Solar Systems, 2007 Gordon Conference, South Hadley, MA, USA, 8-13

July 2007
• Molecules in Space and Laboratory, Paris, France, 14-18 May 2007
• Astronomy in the Submillimeter and Far Infrared Domains with the Herschel Space

Observatory, Les Houches Winter School, France, 23 April - 4 May 2007
• Titan Observations, Experiments, Computations, and Modeling, Honolulu, HI, USA,

5-7 February 2007
• Science with ALMA: a New Era for Astrophysics, Madrid, Spain, 13-16 November

2006
• IS Medium, Heidelberg Summer School, Germany, 25-29 September 2006
• From Dust to Planetesimals, Ringberg Castle, Bavaria, Germany, 11-15 September

2006
• Cosmic Chemistry and Molecular Astrophysics, Nobel Symposium, Sudertuna, Swe-

den, 10-15 June 2006
• Complex Molecules in Space – present Status and Prospects with ALMA, Fuglsocen-

tret, Denmark, 8-11 June 2006
• Carbon in Space, International workshop, Lago di Como, Italy, 22-25 June 2006
• NASA Laboratory Astrophysics Workshop, Las Vegas, NV, USA, 14-16 February

2006
• Astrochemistry - A Molecular Approach, Honolulu, HI, USA, 17-18 December 2005
• Hunt for Molecules, Paris, France, 19-20 September 2005
• Protostars and Planets. V, Big Island, HI, USA, 24-28 October 2005
• 5th. European Workshop on Astrobiology, Budapest, Hungary, 10-12 October 2005
• Astrochemistry throughout the Universe: Recent Successes and Current Challenges,

IAU Symposium No. 231, Monterey, CA, USA, 29 August - 2 September 2005
• Astrobiology and the Origins of Life, Hamilton, Canada, 24- May -10 June 2005
• The Spitzer Space Telescope: New Views of the Cosmos, Pasadena, CA, USA, 9-12

November 2004
• The Dusty and Molecular Universe: A prelude to Herschel and ALMA, Paris, France,

27-29 October 2004
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• Effects of Space Radiation on Solar System Ices, AOGS 2004 Session SP2, Singapore,
5-9 July 2004
• Astrophysics of Dust, Estes Park, CO, USA, 2003
Published works in the area of molecular reactions on solid surfaces have been sorted

in 4 sections:
(a) reviews
(b) observations of dust and ices in the ISM
(c) dust (formation, properties, and exposure to space environment)
(d) interactions of atoms and molecules with solids in simulated ISM conditions
(e) interaction of radiation and charged particles with ices in simulated ISM conditions
Obviously, there is a certain degree of arbitrariness in the sorting. Several papers could

be entered in more than one section. The papers listed here are the ones that appeared
in print since the last review by the Working Group on Molecular Reactions on Solid
Surfaces in 2002; therefore, this report covers a six-year period. Works are listed in inverse
chronological order.

3. Reviews

References
Charnley, S. B. & Rodgers, S. D. 2008, SSRv, 40. IS reservoirs of cometary matter
Williams, D. A., Brown, W. A., Price, S. D., et al. 2007, Astron. & Geophys., 48, 25. Molecules,

ices and astronomy
Tothill, N. F. H. 2007, EAS-PS, 25, 327. AST/RO: lessons from a decade of sub-mm astronomy

at the South Pole
Slavin, J. D. & Frisch, P. C. 2007, SSRv, 130, 409. The chemical composition of IS matter at the

solar location
Herbst, E. & Cuppen, H. M. 2006, PNAS, 103, 12257. IS chemistry special feature: Monte Carlo

studies of surface chemistry and nonthermal desorption involving IS grains
Dartois, E. 2005, SSRv, 119, 293. The ice survey opportunity of ISO.
Abergel, A., Verstraete, L., Joblin, C., et al. 2005, SSRv, 119, 247. The cool IS medium
Molster, F. & Kemper, C. 2005, SSRv, 119, 3. Crystalline silicates
Grün, E., Srama, R., Krüger, H., et al. 2005, Icarus, 174, 1. Dust astronomy. 2002 Kuiper Prize

lecture
van Dishoeck, E. F. 2004, ARAA 42, 119. ISO spectroscopy of gas and dust – from molecular

clouds to protoplanetary disks
Clayton, D. D., Nittler, L. R. 2004, ARAA, 42, 39. Astrophysics with presolar stardust
Dorschner, J. 2003, Astromineralogy 609, 1. From dust astrophysics towards dust mineralogy - a

historical review
Draine, B. T. 2003, ARAA 41, 241. IS dust grains
Williams, D. A. & Viti, S. 2002, Ann. Rep. Prog. Chem. Sect. C 98, 87. Recent progress in

astrochemistry

4. Observations of dust and ices in the ISM

References
Öberg, K. I., Boogert, A. C. A., Pontoppidan, K. M., et al. 2008, ApJ, 678, 1032. The c2d Spitzer

spectroscopic survey of ices around low-mass young stellar objects. III. CH4

Pontoppidan, K. M., Boogert, A. C. A., Fraser, H. J., et al. 2008, ApJ, 678, 1005. The c2d
Spitzer spectroscopic survey of ices around low-mass young stellar objects. II. CO2

Boogert, A. C. A., Pontoppidan, K. M., Knez, C., et al., 2008, ApJ, 678, 985. The c2d Spitzer
spectroscopic survey of ices around low-mass young stellar objects. I. H2O and the 5-8 μm
bands
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Sonnentrucker, P., Neufeld, D. A., Gerakines, P. A., et al. 2008, ApJ, 672, 361-370. Fully sampled
maps of ices and silicates in front of CepheusAEast with the Spitzer Space Telescope

Li, Y., Li, A., & Wei, D. M. 2008, ApJ, 678, 1136. Determining the dust extinction of gamma-ray
burst host galaxies: a direct method based on optical and X-ray photometry

Hough, J. H., Aitken, D. K., Whittet, D. C. B., et al. 2008, MNRAS, 387, 797. Grain alignment
in dense IS environments: spectropolarimetry of the 4.67-μm CO-ice feature in the field star
Elias 16 (Taurus dark cloud)

Sirocky, M. M., Levenson, N. A., Elitzur, M., et al. 2008, ApJ, 678, 729. Silicates in ultraluminous
infrared galaxies

Berné, O., Joblin, C., Rapacioli, M., et al. 2008, A&A (Letters), 479, L41. Extended red emission
and the evolution of carbonaceous nanograins in NGC7023

Li, Y., Hopkins, P. F., Hernquist, L., et al. 2008, ApJ, 678, 41. Modeling the dust properties
of z� 6 quasars with ART2 – All-wavelength Radiative Transfer with Adaptive Refinement
Tree

Nozawa, T., Kozasa, T., Habe, A., et al. 2008, in: Origin of Matter and Evolution of Galaxies,
AIP-CP, 1016, 55. Evolution of dust in primordial supernova remnants and its influence
on the elemental composition of hyper-metal-poor stars

Dwek, E., Arendt, R. G.; Bouchet, P., et al. 2008, ApJ, 676, 1029. Infrared and X-Ray evidence
for circumstellar grain destruction by the blast wave of Supernova 1987A

Draine, B. T., Dale, D. A., Bendo, G., et al. 2007, ApJ, 663, 866. Dust masses, PAH sbundances,
and starlight intensities in the SINGS galaxy sample

Angeloni, R., Contini, M., Ciroi, S., & Rafanelli, P. 2007, AJ, 134, 205. Silicates in D-Type
symbiotic stars: an Infrared Space Observatory overview

Mason, R. E., Wright, G. S., Adamson, A., & Pendleton, Y. 2007, ApJ, 656, 798. Spectropo-
larimetry of the 3.4μm absorption feature in NGC1068

Terada, H., Tokunaga, A. T., Kobayashi, et al. 2007, ApJ, 667, 303. Detection of water ice in
edge-on protoplanetary disks: HKTauri B and HVTauri C

Quanz, S. P., Henning, T., Bouwman, J., et al. 2007, ApJ, 668, 359. Evolution of dust and ice
features around FUOrionis objects

Whittet, D. C. B., Shenoy, S. S., Bergin, E. A., et al. 2007. ApJ, 655, 332. The abundance of
carbon dioxide ice in the quiescent intracloud medium

Markwick-Kemper, F., Gallagher, S. C., Hines, D. C., & Bouwman, J. 2007, ApJ (Letters), 668,
L107. Dust in the wind: crystalline silicates, corundum, and periclase in PG2112+059

Bottinelli, S., Boogert, A. C. A., van Dishoeck, E. F., Oberg, K., et al. 2007, in: J. L. Lemaire
& F. Combes (eds.), Molecules in Space and Laboratory (Paris: S. Diana), p. 11. NH3 and
CH3OH in ices surrounding low-mass YSOs

Bai, L., Rieke, G. H., & Rieke, M. J. 2007, ApJ (Letters), 668, L5. A search for infrared emission
from intracluster dust in Abell 2029

Davis, S. S. 2007, ApJ, 660, 1580. Ice formation in radiated accretion disks

Ellison, S. L., Prochaska, J. X., & Lopez, S. 2007, MNRAS, 380, 1245. The Galactic deuterium
abundance and dust depletion: insights from an expanded Ti/H sample

Vollmer, C., Hoppe, P., Brenker, F. E., & Holzapfel, C. 2007, ApJ (Letters), 666, L49. Stellar
MgSiO3 perovskite: a shock-transformed stardust silicate found in a meteorite

Bacmann, A., Lefloch, B., Parise, B., et al. 2007, in: J. L. Lemaire & F. Combes (eds.), Molecules
in Space and Laboratory (Paris: S. Diana), p. 9. Methanol and deuterium fractionation in
pre-stellar cores

Maiolino, R. 2007, in: K. A. van der Hucht (ed.), Highlights of Astronomy, 14, 262. Dust at
z > 6. Observations and theory

Andersson, B.-G. & Potter, S. B. 2007, ApJ 665, 369. Observational constraints on IS grain
alignment

Sujatha, N. V., Murthy, J., Shalima, P., & Henry, R. C. 2007, ApJ, 665, 363. Measurement of
dust optical properties in the Coalsack nebula

Kulkarni, V. P., York, D. G., Vladilo, G., & Welty, D. E. 2007, ApJ (Letters), 663, L81. 9.7μm
silicate absorption in a damped Lyα absorber at z= 0.52

Bethell, T. J., Chepurnov, A., Lazarian, A., & Kim, J. 2007, ApJ, 663, 1055. polarization of dust
emission in clumpy molecular clouds and cores
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Dwek, E., Galliano, F., & Jones, A. P. 2007, ApJ, 662, 927. The evolution of dust in the early
Universe with applications to the galaxy SDSS J1148+5251

Dessauges-Zavadsky, M., Combes, F., & Pfenniger, D. 2007, A&A 473, 863. Molecular gas in
high-velocity clouds: revisited scenario

Bisschop, S. E., Jørgensen, J. K., van Dishoeck, E. F., & de Wachter, E. B. M. 2007, A&A, 465,
913. Testing grain-surface chemistry in massive hot-core regions

Inoue, A. K., Buat, V., Burgarella, D., et al. 2006, MNRAS, 370, 380. Effects of dust scattering
albedo and 2175-Å bump on ultraviolet colours of normal disc galaxies

Colangeli, L. 2006, MemSAIS, 9, 161. Measurement of dust properties in different solar system
environments

Nozawa, T., Kozasa, T., & Habe, A. 2006, ApJ, 648, 435. Dust destruction in the high-velocity
shocks driven by supernovae in the early Universe

Spoon, H. W. W., Tielens, A. G. G. M., Armus, L., et al. 2006, ApJ, 638, 759. The detection of
crystalline silicates in ultraluminous infrared galaxies

Sofia, U. J., Gordon, K. D., Clayton, G. C., et al. 2006, ApJ, 636, 753. Probing the dust responsible
for Small Magellanic Cloud extinction

Huard, T. L., Pontoppidan, K. M., Boogert, A., et al. 2006, BAAS, 38, 1055. Variations in the
extinction law, ice abundance, and dust grains in molecular cloud cores

Chiar, J. E., Pendleton, Y., Ennico, K., et al. 2006, BAAS, 38, 1013. The non-linear relationship
between silicate absorption depth and IR extinction in dense clouds

Huebner, W. F. & Snyder, L. E. 2006, in: Comets and the Origin and Evolution of Life
(Springer), p. 113. Macromolecules: from star-forming regions to comets to the origins of
life

Prieto-Ballesteros, O., Kargel, J. S., Fernández-Sampedro, M., et al. 2005, Icarus, 177, 491.
Evaluation of the possible presence of clathrate hydrates in Europa’s icy shell or seafloor

Knez, C., Boogert, A. C. A., Pontoppidan, K. M., Kessler-Silacci, J., et al. 2005. ApJ (Letters),
635, L145. Spitzer mid-infrared spectroscopy of ices toward extincted background stars.

Velusamy, T., Langer, W. D., & Willacy, K. 2005, in: D. C. Lis, G. A. Blake & E. Herbst (eds.),
Astrochemistry throughout the Universe: Recent Successes and Current Challenges, Proc.
IAU Symposium No. 231 (Cambridge: CUP), p. 137. CO2 ice in cold dense dark cloud
cores: abundance vs. visual extinction

Lee, J. C. & Ravel, B. 2005, in: X-ray Diagnostics of Astrophysical Plasmas: Theory, Experiment,
and Observation AIP-CP, 774, 255. Prospects for determining the grain composition of the
IS medium with Chandra and AstroE2.

Bernstein, M. P., Sandford, S. A., & Allamandola, L. J. 2005, ApJS, 161, 53. The mid-infrared
absorption spectra of neutral polycyclic aromatic hydrocarbons in conditions relevant to
dense IS clouds

Ruiterkamp, R., Cox, N. L. J., Spaans, M., et al. 2005, A&A, 432, 515. PAH charge state
distribution and DIB carriers: implications from the line of sight toward HD147889

Massey, P., Plez, B., Levesque, E. M., et al. 2005, ApJ, 634, 1286. The reddening of red super-
giants: when smoke gets in your eyes

Andrews, S. M. & Williams, J. P. 2005, ApJ, 631, 1134. Circumstellar dust disks in Taurus-
Auriga: the sub-millimeter perspective

Stratta, G., Perna, R., Lazzati, D., et al. 2005, NCimC 28, 693. Dust extinction properties of a
sample of bright X-rays afterglows

del Burgo, C. & Laureijs, R. J. 2005, MNRAS, 360, 901. New Insights into the dust properties
of the Taurus molecular cloud TMC-2 and its surroundings

Joblin, C., Abergel, A., Bernard, J.-P., et al. 2005, in: D. C. Lis, G. A. Blake & E. Herbst (eds.),
Astrochemistry throughout the Universe: Recent Successes and Current Challenges, Proc.
IAU Symposium No. 231 (Cambridge: CUP), p. 194. Very small particles and chemistry in
photo-dissociation regions: from ISO to Spitzer

Remijan, A. J., Hollis, J. M., Lovas, F. J., et al. 2005, ApJ, 632, 333. IS isomers: the importance
of bonding energy differences

Gerakines, P. A., Bray, J. J., Davis, A., & Richey, C. R. 2005, ApJ, 620, 1140. The strengths of
near-infrared absorption features relevant to IS and planetary ices

Snell, R. L., Hollenbach, D., Howe, J. E., et al. 2005, ApJ, 620, 758. Detection of water in the
shocked gas associated with IC 443: constraints on shock models
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Astrochemistry throughout the Universe: Recent Successes and Current Challenges, Proc.
IAU Symposium No. 231 (Cambridge: CUP), p. 319. The spatial distribution of ices in
star-forming regions

van Boekel, R., Min, M., Waters, L. B. F. M., et al. 2005, A&A, 437, 189. A 10μm spectroscopic
survey of herbig Ae star disks: grain growth and crystallization

Duchêne, G., McCabe, C., Ghez, A. M., & Macintosh, B. A. 2004, ApJ, 606, 969. A multiwave-
length scattered light analysis of the dust grain population in the GGTauri circum-binary
ring

Jones, A. P., d’Hendecourt, L. B., Sheu, S.-Y., et al. 2004, A&A, 416, 235. Surface C-H stretching
features on meteoritic nanodiamonds

Pendleton, Y. J. 2004, in: A. N. Witt, G. C. Clayton & B. T. Draine (eds.), Astrophysics of
Dust ASP-CS, 309, 573. Hydrocarbons in meteorites, the Milky Way, and other galaxies

Bot, C., Boulanger, F., Lagache, et al. 2004, A&A, 423, 567. Multi-wavelength analysis of the
dust emission in the Small Magellanic Cloud

Ehrenfreund, P., Fraser, H. J., Blum, J., et al. 2003, P&SS, 51, 473. Physics and chemistry of
icy particles in the Universe: answers from microgravity

Johnstone, D., Fiege, J. D., Redman, R. O., et al. 2003, ApJ (Letters), 588, L37. The G11.11-
0.12 infrared-dark cloud: anomalous dust and a non-magnetic isothermal model

Wolf, S., Padgett, D. L., & Stapelfeldt, K. R. 2003, ApJ, 588, 373. The circumstellar disk of the
butterfly star in Taurus.

Kimura, H., Mann, I., & Jessberger, E. K. 2003, ApJ, 582, 846. Elemental abundances and mass
densities of dust and gas in the Local IS Cloud

Lu, N., Helou, G., Werner, M. W., et al. 2003, ApJ, 588, 199. Infrared emission of normal
galaxies from 2.5 to 12μm: ISO spectra, near-IR continuum, and mid-IR emission features

Savaglio, S., Fall, S. M., & Fiore, F. 2003, ApJ, 585, 638. Heavy-element abundances and dust
depletions in the host galaxies of three γ-ray bursts

Weingartner, J. C. & Murray, N. 2002, ApJ, 580, 88. X-ray vs. optical observations of active
galactic nuclei: evidence for large grains?
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of the M17 complex measured with PRONAOS
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Keck/NIRSPEC spectra of protostars. II. Detection of the 13CO isotope in icy grain mantles
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and ‘XCN’ in the line of sight toward the Galactic Center

Pendleton, Y. J. & Allamandola, L. J. 2002, ApJS, 138, 75. The organic refractory material in
the diffuse IS medium: mid-IR spectroscopic constraints

5. Properties of dust
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