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Helium, the most chemically inert of all 
atoms in the Mendeleev’s table, is not inert 
at all as far as concerns its role in several 
areas of physics and physical chemistry. The 
beams of doubly charged 4He nuclei, known 
as alpha particles, have been the basic tool 
that led Rutherford, with his coworkers Geiger 
and Marsden, to the discovery of the atom 
structure. Rutherford’s experiment opened 
at a time two avenues: atomic physics by 
inspiring Bohr’s quantum theory of atoms, 
and nuclear physics, by offering a first guess 
of nuclear sizes. One deed for two needs! In 
the late twenties, Otto Stern experiments 
with neutral He beams scattered from crystal 
surfaces also fulfilled more needs with one 
deed: demonstrating at once, via diffraction, 
the quantum wavelike behaviour of atoms 
and the ordered lattice structure of crystal 
surfaces. The development from thermal to 
supersonic He atom beams paved the way to 
the spectroscopy of dynamical processes at 
surfaces, via inelastic scattering – a field that 
Peter Toennies at the Max-Planck-Institut für 
Strömungsforschung in Göttingen pioneered 
in late ‘70s. 

A supersonic He beam source is actually 
a source of wonders. The adiabatic cooling 
occurring during expansion lowers its 
temperature in the sub-Kelvin range, and 
under suitable conditions the Plateau–Rayleigh 
instability transforms the He beam into a 
train of nanometric droplets. Through a 
high-resolution spectroscopy of molecules 
inserted into the flying droplets, Grebenev, 
Toennies and Vilesov proved in 1998 that 
4He superfluidity is preserved in droplets 
down to less than a hundred atoms in size. 
This finding, besides being of fundamental 
significance in the theory of Bose-Einstein 
condensation, has opened up in the last 
two decades a new era of high-resolution 
spectroscopy in matrix isolation.  Just in the 
same year, Giacinto Scoles and Kevin Lehmann, 
two of the pioneers, hailed helium droplets 
as the ultimate and gentlest spectroscopic 
matrix, with new perspectives on the physics 

and chemistry of atoms, molecules, including 
large biomolecules and aggregates. It is in this 
field that Alkwin Slenczka, at the Institute of 
Physical and Theoretical Chemistry, University 
of Regensburg, made major contributions.

Now Alkwin Slenczka and Peter Toennies 
joined as editors of this beautiful book, the 
first that provides the readers with a coherent 
overview of the progress made in this new 
field. This field is now covered by more than 
5000 papers a year and something like 43 
review articles, listed in the book Appendix 
from the most recent by S. Albertini et al. 
(2021) to the oldest one by Brigitta Whaley 
(1998). With respect to the traditional 
molecular spectroscopy methods, with the 
target molecules either trapped into a frozen 
inert matrix or flying into a seeded atom 
beam, the superfluid helium nanodroplet 
matrix unifies the advantages of both 
methods of synthetic flexibility and negligible 
perturbation: molecules, trapped in such 
flying nano-cryostats, can move around and 
rotate freely in a sub-Kelvin environment, with 
no limitation of size. This includes organic 
macromolecules and, as said in the Preface, 
even “large tailor-made molecular aggregates 
can be synthesised inside the droplets 
by consecutively adding the individual 
constituents to the droplets, which act as a 
kind of test tube”. How is all that possible? The 
Helium Poem, opening the book, explains that 
“The secret behind this strange action / is the 
large superfluid fraction / which, to everyone’s 
surprise / have even clusters of smallest size.” 

The book includes eleven chapters. 
The first two chapters present a historical 
introduction to the properties of pure helium 
droplets (J. P. Toennies) and the role of the 
extremely weak van der Waals forces acting 
between He atoms (M. Kunitski). The next four 
chapters illustrate the spectroscopic methods 
for the characterization of the chemical 
species like atoms, molecules, radicals and 
clusters introduced into the nanodroplets. 
They include mass spectrometry (A. Schiller, 
F. Laimer and L. Tiefenhaler), infrared 

spectroscopy of radicals and carbenes in He 
droplets (G. E. Douberly), electron spectroscopy 
(F. Schlaghaufer, J. Fisher and A. Slenczka), and 
a chapter on the spectroscopy of small and 
large biomolecular ions inside He nanodroplets 
(E. Mucha, D. Thomas, M. Lettow, G. Meijer, 
K. Pagel and G. von Helden).

The next two chapters discuss X-ray 
diffraction experiments, XUV imaging 
(R. Tanyag, B. Langbehn, T. Möller and D. Rupp) 
and electron diffraction from molecules and 
clusters in superfluid He droplets (J. Zhang, 
Y. He, L. Lei, Y. Yao, S. Bradford and W. Kong). 
Chapters 9 and 10 offer an overview of time-
dependent spectroscopy focusing on the 
short-term dynamics like the laser-induced 
alignment of molecules inside a superfluid 
droplet (J. N. Nielsen with ten co-authors) and 
ultrafast dynamics processes up to the femto- 
and possibly atto-sec scales (L. Bruder, M. Koch, 
M. Mudrich, and F. Stienkemeier). Florian 
Lackner’s chapter on the synthesis of metallic 
nanoparticles inside He droplets concludes 
the book, opening a window on novel 
methods of nano-assembling, thus enabling 
nanotechnologies, which presently can only be 
conceived under the unique physical conditions 
present in helium superfluid nanodroplets. It is 
interesting that the original dedication to beam 
science of the Max-Planck-Institut in Göttingen, 
where Peter Toennies inaugurated several 
far-reaching avenues for He beams, turned to 
dynamics and self-organization: something 
visionary in this change, since self-organization 
can actually occur inside superfluid He 
nanodroplets and possibly be exploited for 
nanofabrication, as envisaged in the last 
chapter of the book. 

In conclusion, I can’t help but fully share the 
editors’ acknowledgement to all the 39 authors 
“for their stellar contributions, which will make 
this book a long-lasting classical reference point 
for both practitioners and learners”. 
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