
Astrochemistry: Recent Successes and Current Challenges
Abstract Book IAU Symposium No. 231, 2005
D. C. Lis, ed.

c© 2005 International Astronomical Union
DOI: 00.0000/X000000000000000X

Optical and Infrared
Observations of Diffuse Clouds

Benjamin J. McCall

Departments of Chemistry and Astronomy, University of Illinois at Urbana-Champaign,
Urbana, IL 61801, USA
email: bjmccall@uiuc.edu

Abstract. In the past several years, great progress has been made on the spectroscopy of
polyatomic molecules in diffuse interstellar clouds. In this talk, I will review recent developments
involving H+3 , C3, and the Diffuse Interstellar Bands (DIBs).
The simplest polyatomic molecular ion, H+3 , has long been recognized as the cornerstone

of ion-neutral chemistry in dense molecular clouds (Herbst & Klemperer 1973, Watson 1973).
However, in diffuse clouds (where electrons are abundantly produced from photoionization of
atomic carbon) the H+3 number density was expected to be considerably lower than in dense
clouds, owing to the efficiency of electron recombination. It was, therefore, a surprise when a
large column density of H+3 was detected (McCall et al. 1998) in the diffuse line of sight towards
Cygnus OB2 12, and subsequently in a sample of heavily reddened diffuse sightlines (McCall
et al. 2002). Recently, we have detected H+3 even in the classical diffuse cloud sightline towards
ζ Persei; together with a new measurement of the electron recombination rate coefficient, this
result suggests that the cosmic-ray ionization rate is much higher in diffuse clouds than in dense
clouds (McCall et al. 2003)!
In 2001, interstellar C3 was first detected by J. P. Maier and colleagues (Maier et al. 2001)

in three diffuse cloud sightlines. This was quickly followed up by another detection (Roueff et
al. 2002) and a survey conducted at low-resolution (Oka et al. 2003). This was followed by a
high-resolution survey (Ádámkovics, Blake, & McCall 2003) that yielded rotationally resolved
spectra of C3 in 10 sightlines. Much like C2, C3 has no permanent dipole moment, and therefore
its rotational distribution serves as a sensitive diagnostic of both temperature and density.
The existence of larger polyatomic molecules in diffuse clouds is clear from the presence of the

DIBs, which have remained an enigma since their discovery some eight decades ago. A recent
survey of the DIBs at the Apache Point Observatory has resulted in a uniform sample of DIB
spectra with much higher signal-to-noise ratios than previously available. Some early results
from the analysis of the survey data include the identification of a set of DIBs that are related
to C2 (Thorburn et al. 2003) as well as some well-correlated pairs of DIBs. I will discuss our
recent results.
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Ádámkovics, M., Blake, G. A., & McCall, B. J. 2003 ApJ 595, 235
Herbst, E. & Klemperer, W. 1973, ApJ 185, 505
Maier, J. P, Lakin, N. M, Walker, G. A. H, & Bohlender, D. A. 2001 ApJ 553, 267
McCall, B. J., Geballe, T. R., Hinkle, K. H., & Oka, T. 1998 Science 279, 1910
McCall, B. J. et al. 2002 ApJ 567, 391
McCall, B. J. et al. 2003 Nature 422, 500
Oka, T. et al. 2003 ApJ 582, 823
Roueff, E., Felenbok, P., Black, J. H., & Gry, C. 2002 A&A 384, 629
Thorburn, J. et al. 2003 ApJ 584, 339
Watson, W. D. 1973, ApJ 183, L17

1


