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Preface

Low-temperature conditions have long attracted scientists. The 
reasons for this interest are both fundamental and practical. At such 
low (cryogenic) temperatures the physical and chemical properties of 
many substances undergo great change, and the behavior of matter is 
very different when compared with that at room temperature. Many 
fundamental discoveries (superconductivity, superfluidity, Bose–
Einstein condensation, etc.) have been done at low temperatures. 
The development of thermodynamics has been essentially based on 
potentials of cryogenic technology. Tunneling reactions in chemistry 
are characterized by the low-temperature limit when the classical 
contribution is negligible. Remarkable advances have been made in 
chemical synthesis at low temperatures. Many practical applications 
benefit from the lack of heat and have a deep physical basis. 

A number of key topics in low-temperature research are described 
in this book. The chapters are written by leading scientists who have 
strong practical experience in these research areas. The authors work 
in United States, Russia, Finland, Belgium, The Netherlands, Portugal, 
Switzerland, Poland, and Israel. They have published many papers in 
Nature and Science, which guarantees a broad spectrum of the described 
topics. Among the authors is David M. Lee, who shared the Nobel Prize 
in Physics in 1996 for his discovery of the superfluid properties of 
helium-3, one of the greatest achievements in low-temperature research. 
The authors provide an extensive bibliography for further reading and 
give many practical recommendations. This information will be hopefully 
useful for a broad readership, including young researchers coming to the 
fascinating field of low-temperature research. 

Many of the authors have been active in the field of matrix-isolation 
spectroscopy. Discovered in the Pimentel laboratory in 1954, this 
technique has been widely used in various research areas. After more 
than five decades of matrix isolation, it is still possible to find many 
novel chemical species, processes, and reactions for spectroscopic 
investigation. The first four chapters give examples of traditional matrix-
isolation research. Marilyn Jacox describes the photochemical production 
of free radicals, molecular ions, and other highly reactive species, their 



trapping in noble-gas solids for studies of their vibrational and electronic 
spectra, and the use of secondary photolysis for product identification. 
Lester Andrews uses laser ablation to provide metal atoms for reactions 
with small molecules upon condensation in excess argon, neon, or 
hydrogen for matrix infrared spectroscopic investigations. Chapter 3 
(Fausto, Khriachtchev, and Hamm) describes thermal and light-induced 
conformational changes of small molecules in solid matrices, including 
attempts to understand the dynamics of the conformational transitions. 
Ara Apkarian and Mika Pettersson examine various aspects of the 
photodynamics in matrices in more detail, from the simplest systems to 
molecular complexes and polyatomics. 

Several other chapters describe “less classical” matrix-isolation 
materials. Chapter 5 (Khmelenko, Lee, and Vasiliev) discusses the recent 
results on matrix-isolated hydrogen and deuterium atoms in impurity-
helium condensates, which consist of nanoclusters of the matrix atoms or 
molecules (H2, D2, HD, and Kr), and this research utilizes temperatures 
as low as 0.1 K. Mario Fajardo concentrates on solid parahydrogen 
that offers several advantages as an isolating host due to the special 
“quantum solid” nature of this material, attracting our attention to a 
number of surprises. Helium nanodroplets described by Andrey Vilesov’s 
team constitute an excellent medium for isolation and spectroscopy 
of molecules and clusters, which benefits from low temperature  
(0.37 K) and superfluid state of the droplets as well as the weakness 
of the interaction of helium atoms with embedded species. Wouter 
Herrebout and Benjamin van der Veken review experimental data 
obtained using cryogenic solutions with emphasis on red- and blue-
shifting hydrogen bonds. Alexey Tsyganenko examines the interaction 
of molecules with solid surfaces (silica, zeolites, ice) using optical 
spectroscopy and electrostatic models.

The next two chapters take a look at the places where cryogenic 
conditions are practically realized without artificial equipment. Robert 
Johnson describes the chemical changes produced in ice by electrons, 
ions, and photons, which are relevant to the problems in astronomy 
and also of general interest for solid-state chemistry. Alexander Tielens 
and Louis Allamandola consider a number of cool interstellar processes 
involving simple molecules (H2O, CH3OH, NH3, CO2, and CO) in low-
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temperature molecular ices, which play an important role in the organic 
inventory of regions of star and planet formation.

Many fundamental phenomena and applications are prominently 
highlighted at low temperatures. For example, optical spectroscopy 
of single impurity molecules in low-temperature solids described by 
Michel Orrit and William Moerner provides a very sensitive probe of 
the structure and dynamics of the specific local environment around 
the single molecule. This chapter represents the limit of spectroscopic 
detection and many interesting phenomena masked by the assembly. 
Chapter 13 (Grochala, Khriachtchev, and Räsänen) introduces noble-
gas chemistry, the area of research which sounds somewhat strange for 
many people. It discusses the various noble-gas compounds, starting with 
strongly bound systems and progressing to weak interactions. Noble-gas 
hydrides with the common formula HNgY are highlighted, including an 
argon compound HArF.

Computational methods can demonstrate the full power while 
describing cryogenic phenomena. The last two chapters present theoretical 
approaches to molecular science with an emphasis on comparison 
with experiments. Alexander Nemukhin and Bella Grigorenko discuss 
development and applications of the hybrid quantum mechanical — 
molecular mechanical methods for modeling properties of trapped species 
such as metal clusters, diatomic molecules, and noble-gas compounds. 
Benny Gerber and Jirka Sebek explain what can be learned about 
biological molecules at low temperatures. The anharmonic calculations 
used by them provide a deep insight into various molecular properties 
including intermolecular interactions.

The editor thanks all contributors for accepting his invitation to 
participate in the book and writing exciting stories.

Leonid Khriachtchev
Editor
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