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Spectroscopic evidence
for interstellar grain
clumps in meteoritic inclusions

THE occurrence of a primitive, presolar grain component in
carbonaceous chondrites has been indicated by several in-
dependent lines of evidence, including the discovery of isotopic
abundance anomalies’ 2. The occurrence of organic molecules,
including amino acids, in these meteorites is also known?!, but
their connection with a genuinely pre-solar grain component
has been conjectural. We show here that an extract of organic
material from the Murchison carbonaceous chondrite has an
ultraviolet spectrum with an absorption band centred at A =~
2,200 A. The similarity of this feature with the well-known
interstetlar absorption band at the same wavelength, gives
strong credence to an interstellar grain component within this
meteorite.

Carbonaceous chondrites contain a significant mass fraction
of organic compounds, mainly in the form of aromatic poly-
mers. Typically about 309, of this material is of relatively tow
molecular weight and could be extracted by using hexafluoro-
isopropanol as a solvent. The remaining 70°%/ is of higher
molecular weight and is usually insoluble?.

A sample of the Murchison chondrite (supplied by Dr.
Onuma) was used to obtain an organic molecule extract with
hexafluoroisopropanol. The absorption spectrum of this
extract (Fig. 1) shows a conspicuous absorption hump centred
at A ~ 2,200 A, having a half-width ~300 A and bearing a
remarkably strong similarity to the well-known interstellar
extinction feature® *. A band of this type is a property of a
wide class of organic molecules having conjugated double
bonds, for example, C C-C (C,C--C C (C,C=C
- C = 0O, with a typical cross-section of ~4 10" c¢cm?
(refs 9, 10).

Although the 2,200-A absorption band in the interstellar
extinction curve has usually been attributed to graphite par-

Fig. 1 The absorption curve of organic material in the Murchison
carbonaceous chondrite extracted using hexafluoroisopropanol
as a solvent.
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ticles*! =13, this explanation is unsatisfactory. Spherical or nearly
spherical graphite particles of radii ~ 150 A are required to
reproduce the observed features of the astronomical band®.
Non-spherical particles, or spherical particles with much
larger radii will shift the band centre away from X 2,200 A,
or distort the symmetry of the band. An origin of the inter-
stellar % 2,200 A feaure in terms of complex organic molecules
lodged in grain clumps would have an advantage in that the
mean absorption profile (arising from electronic transitions in
an ensemble of molecules) has a central wavelength and width
which are independent of the shapes and sizes of the host
grain clumps. On the basis of this interpretation, the astrono-
mical and meteoritic spectral data would provide further
supporting evidence for a connection between pre-solar inter-
stellar material and inclusions in carbonaceous chondrites.

A. SAKATA

N. NAKAGAWA
Department of Chemistry,
The University of Electro-Communications,
Chofu, Tokyo, Japan

T. IGuch1

S. IsoBE

M. MorimMoTO
Tokyo Astronomical Observatory,
Mitaka, Tokyo, Japan

F. HoyLE

N. C. WICKRAMASINGHE
Department of Applied Mathematics and Astronomy.
University College,
Cardiff, UK

Received 26 January; accepted | February 1977.

Black, D. C. Geochim. cosmochim. Acta 36, 377 (1972).

Lee, 1. & Papanastassiou, D. A. Geophys. Res. Letr. 1, 225 (1974).

Hayes, I. M. Geochim. cosmochim. Acta 31, 1395 (1967).

Cronin, J. R. & Moore, C. B. Geochim. cosmochim. Acta 40, 853 (1976).

Hoyle, F. & Wickramasinghe, N. C. Nature 264, 45 (1976).

Stecher, T. P. Astrophys. J. 142, 1683 (1965).

Bless, R. C. & Savage, B. D. Astrophys. J. 171, 293 (1972).

Nandy, K., Thompson, G. I, Jamar, C., Monfils, A. & Wilson, R. Astr. Astrophys
44, 195 (1975).

" Hoyle, F. & Wickramasignhe, N. C. Nature 265, 241-243 (1977).

10 Wickramasinghe, N. C., Hoyle, F. & Nandy, K. Astrophys. Space Sci. (in the

press).

11 Hoyle, F. & Wickramasinghe, N. C. Mon. Not. R. astr. Soc. 124, 417 (1962).

12 Wickramasinghe, N. C. lnurstellar Grains (Chapman and Hall, London 1967).

13 Gilra, D. P. Nature 229, 237 (1971).

14 Gilra, D. P. in The Scientific Results from the Orbiting Astronomical Observatory

(A.D. Code ed.) NASA SP-310 (1972)-

EN PR V)

o

Prebiotic molecules
and interstellar grain clumps

INTERSTELLAR  molecules detected by radioastronomical
techniques in clouds such as OMC | and 2 in the Orion Nebula
and Sgr B2 in the galactic centre span a wide range of types
and complexity. Among the heaviest of the molecules recently
discovered is cyanodiacetylene! (H—-C C—C=:C—C.-N).
There have been earlier detections of precursors to the simplest
known amino acid glycine (formic acid and methanimine), and
probable detections of polyoxymethylene polymers and co-
polymers®~® in interstellar clouds. We discuss here a possible
identification of organic molecules of even greater complexity,
and its implications for the start of biological activity.

Large departures from thermodynamic equilibrium in the
interstellar medium and the co-existence of solid grains,
molecules, radicals, ions and ultraviolet photons provide
conditions which are ideal for the assembly of ‘exotic’ molecular
species. I clumping of 100 A-sized dust grains occurred by a
process which we have discussed®, highly complex organic
molecules could be formed and become securely trapped during
the *welding’ process of smaller grains. Such grain clumps could
be widely dispersed amongst the particulate material in the
Galaxy, being responsible for most of extinction and polarisation
of starlight.

The spectral identification of highly complex organic species
in the interstellar medium might seem hopeless. A property
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