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“This marvelous book brings together the story of C60 in the words 
of many of those who played an important role in the work. The very 
well-written introduction by Nobel Laureate Harold Kroto brings a 
clear perspective to the whole story showing how the works of the 
contributors fit together. Altogether, this is a wonderful window into 
the very human thoughts of scientists at all levels as they pursue 
their dreams.”

Prof. Robert F. Curl
Nobel Laureate

This compendium of accounts reveals the unique perspectives of many 
scientists who made major contributions to the Nobel Prize-winning 
discovery of C60 buckminsterfullerene but who have not previously 
published personal accounts. The introduction attempts to provide 
a rational framework for understanding how this discovery came 
about and how firmly it rested on earlier technical breakthroughs 
and how important were the contributions of researchers who were 
young students at the time. In addition to these accounts, most of 
the key publications are also reprinted. More than anything else, this 
book gives an in-depth overview of how important cross-disciplinary 
advances from laboratory synthesis, molecular spectroscopy, radio-
astronomy, stellar chemistry, and cluster chemistry were in the 
discovery. Indeed, the story shows not only how major breakthroughs 
are often impossible to predict but also that the discovery is a perfect 
example of the value of fundamental science and why it must continue 
to be supported. 

Sir Harold (Harry) Walter Kroto, FRS, is the British chemist who 
shared the 1996 Nobel Prize in Chemistry with Robert Curl and 
Richard Smalley. Kroto is the Francis Eppes Professor of Chemistry at 
the Florida State University, which he joined in 2004. Prior to that, he 
spent a large part of his career at the University of Sussex, where he 
now holds an emeritus professorship. 
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Come in C60
+, after nearly 100 

years your number is finally up

The Basel group of John Maier has made an outstanding 
breakthrough in unequivocally assigning two diffuse 
interstellar bands to the ion C60

+ and so has succeeded in 
identifying a species in space which has eluded astronomers 
and other scientists for nearly 100 years.

In 1919 Heger published observations of some curious 
absorption lines in the spectra of stars. These lines were 
later shown to be due to material in the interstellar 
medium in the line of sight and not associated with the 
background star. The lines were broader than atomic lines 
(and so possibly molecular) and have since been called 
diffuse interstellar bands (DIBs). At the present time some 
400 are known and they have been well documented 
observationally, and although scores of suggestions have 
been made as to the possible carriers, until now no single 
DIB has been identified. This is strange as the carrier or 
carriers must be stable in the interstellar medium and yet 
no terrestrial species has been found to correlate with any 
observed band. A consensus has grown that the carriers 
are probably molecular species, although some favoured 
absorption by atoms in grains.

At last after nearly 100 years the group of John Maier 
in Basel has made the first breakthrough by assigning 
two DIBs unequivocally to C60

+, the positive ion of C60. This 
remarkable achievement was no accident as it was the 
result of many years of painstaking work developing state-
of-the-art spectroscopic techniques to create conditions 
in the laboratory which simulated the extremely low 
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temperatures and low pressures in the interstellar 
medium. The C60 molecule buckminsterfullerene was 
serendipitously discovered in our experiments in 1985 
which had as their second aim the identification of the 
DIBs. The fact that this molecule was spontaneously 
created under conditions in which possible contenders 
for DIB carriers might also be produced seemed like an 
intriguing coincidence worth following up. In 1987 
I suggested that if C60 was a likely DIB contender in 
interstellar space, then the ambient radiation field 
would almost certainly ensure that it must be ionised 
as C60

+. Maier in 1993 measured the spectrum of the ion 
in a matrix and found two strong lines, the frequencies 
of which were used by Foing and Ehrenfreund to search 
for new DIBs close to these frequencies. They found two 
lines in reasonable correspondence; however, significant 
matrix shifts meant that for an unequivocal assignment 
the spectrum had to be measured in the gas phase at a 
low temperature—a daunting task. Maier has spent much 
of the intervening time developing superb state-of-the-
art experimental techniques to achieve just this, and 
this brilliant breakthrough is a result of his determined 
approach to solving one of the most important and long-
lasting puzzles in science. It is a bit sad of course that 
this puzzle has now been solved at least in part; however, 
there are several hundred lines still to identify, but it 
now seems highly likely that other C60 analogues are also 
present in the ISM and one might conjecture many of 
the other lines are due to these analogues which could 
be endohedral species in which an atom of, say, sodium 
or calcium is trapped inside the fullerene cage or the 
atom is attached to the outside of the cage. Such species 
should display quite strong spectra and be detectable in 
the future, although laboratory measurement will still be 
a daunting task.
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It is incredible to think that one of the most abundant 
set of species in interstellar space may be these carbon 
cages and yet they are almost non-existent in the terrestrial 
environment and took until nearly the end of the 20th 
century to be discovered. The molecule was under our noses 
all the time in flames (indeed it is now made in bulk by 
combustion of methane) and at the same time its signature 
was being recorded whenever astronomers observed stellar 
spectra.

1. The Spectrum and the Fit to the DIBs

Figure 1  Gas-phase laboratory spectra of C60
+ at 5.8 K. Gaussian fits to the 

experimental data (circles) are represented by the solid blue lines. 
The vertical pink lines are the rest wavelengths, 9,577.4 ± 0.2 Å and 
9,632.6 ± 0.2 Å, of two reported DIBs.

Laboratory confirmation of C60
+ as the carrier of two diffuse 

interstellar bands

E. K. Campbell, M.Holz, D. Gerlich and J. P. Maier

The diffuse interstellar bands are absorption lines seen 
towards reddened stars. None of the molecules responsible 
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for these bands have been conclusively identified. Two 
bands at 9,632 Å and 9,577 Å were reported in 1994, and 
were suggested to arise from C60

+ molecules, on the basis 
of the proximity of these wavelengths to the absorption 
bands of C60

+ measured in a neon matrix. Confirmation 
of this assignment requires the gas-phase spectrum of 
C60

+. Here we report laboratory spectroscopy of C60
+ in the 

gas phase, cooled to 5.8 K. The absorption spectrum has 
maxima at 9,632.7 ± 0.1 Å and 9,577.5 ± 0.1 Å and the full 
widths at half-maximum of these bands are 2.2 ± 0.2 Å 
and 2.5 ± 0.2 Å, respectively. We conclude that we have 
positively identified the diffuse interstellar bands at 
9,632 Å and 9,577 Å as arising from C60

+ in the interstellar 
medium.

See also

Palca, J. “Buckyballs” solve century-old mystery about interstellar 
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buckyballs-solve-centur y -old-myster y -about-interstel lar-
space?utm_source=facebook.com&utm_medium=social&utm_
campaign=npr&utm_term=nprnews&utm_content=20150716




