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Introduction 

We report on the results of our studies of the 
structure and properties of the new hydrogenous 
materials – impurity-helium condensates or 
impurity gels (nanocluster soft matter) formed by 
weakly bounded clusters of deuterium D2 or heavy 
water D2O, or of any other molecular or atomic gas 
impurities in superfluid helium He-II.   

Till now a number of practical applications 
of impurity-helium  condensates were advanced: 
for energy storage (condensates with high content 
of free radicals, for example atoms of hydrogen or 
nitrogen in molecular matrices), as effective at low 
temperatures catalysts (it should be noted that 
possibility of application of high disperse sodium 
as a catalyst for polymerization of butadiene in the 
process of the artificial rubber creation was studied 
at the beginning of XX century), for accumulation 
and storage of ultra cold neutrons, etc. 

A number of mutually complementary 
methods were used for studies the properties of the 
jelly-like samples: synchrotron X-ray 
diffractometry, neutron, ESR and acoustic 
spectroscopy, optical observations. The gel 
samples with high content of atomic hydrogen, 
deuterium or nitrogen are used for measurements 
of the velocity constants in chemical tunneling 
reactions at low temperatures, and of processes of 
quantum tunneling of hydrogen atoms in molecular 
species.  

 
Results and discussion 

    Method for preparation of the impurity gel 
samples by injection of the 4He gas jet with 1-3% 
of the impurity  molecules or atoms in bulk of 
superfluid He-II through its surface was developed 
by Gordon, Mezhov-Deglin and Pugachev in 1974 
(for references see the review [1]). Superfluid He-
II acts as an ideal cooling agent and the same time 
it penetrates into multiple pores of the nanoclusters 
condensate, so liquid helium serves as a dispersion 
matter, and the impurity clusters surrounded by a 
layer of solidified helium form the backbone of the 
gel. The jelly-like samples could be prepared from 

different molecular and atomic gases at room 
temperatures, for example, D2, N2, O2, Ne, Kr, etc. 
A version where the gas stream is coming through 
a discharge tube preliminary opens a possibility for 
creation of the gas jet with a high content of atoms 
of molecular gases (free   radicals) and for 
preparation of the gel samples with a high content 
of free radicals in molecular matrices in He-II.  

Developed later by Mezhov-Deglin and 
Kokotin method of  condensation of a gas flow at 
the free surface of superfluid liquid (liquid helium 
lock) permitted us to prepare the impurity gel 
samples from water vapors (or other gases or 
liquids at room temperatures).  

Characteristic dimensions of impurity 
clusters estimated from the data of  X-ray or 
neutron studies are distributed in a wide range 
from a few  nm to a hundred  nm depending on the 
methods for preparations, the impurity and the 
sample treatment.  Dimensions of the pores as 
estimated from the temperature dependence of 
ultrasound attenuation in bulk of the gel sample are 
distributed in the range from 8 to 800 nm. Total 
content of impurity in bulk of the sample can reach 
up to ~1020 mol/cm3, so the sample density is very 
close to the density of liquid helium (near zero 
floatage) and the as-prepared samples can float 
beyond the He-II – vapor interface near the walls 
of the experimental glass cell. From the ESR data 
the local content of free radicals (H, D or N atoms 
in molecular matrices of the backbone) can be very 
high, above ten percent. ESR studies of the H and 
D atoms exchange and recombination processes at 
fixed temperatures below 1.6 K and after the 
thermal treating (heating He-II up to the critical 
temperature  and subsequent cooling) indicate that 
a significant part of H atoms are placed at the 
surface of molecular clusters of D2 that can explain 
the high mobility of hydrogen atoms in process of 
thermocycling. From the neutron studies it follows 
that in case of heavy water and deuterium gel 
samples prepared by the ”liquid helium-lock” 
method  the process of thermocycling is 
accompanied by strong increase of content of the 
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small particles  with dimensions of a few nm and 
less. It could be of importance in what follows for 
preparation the samples planned to be used in 
neutron moderators for accumulation and storage 
of ultracold neutrons (this question is discussed in 
details in the poster report by Levchenko et al).  

Investigations of the region of existence of 
impurity gels have shown that at gradual 
temperature grow the gel samples could exist not 
only in bulk of superfluid He-II but in the normal 
liquid He-I  and in the dense helium gas, and at 
atmospheric pressure they start to decay at 
temperatures of ~ 10 K. But at small vapor 
pressure (less that the equilibrium vapor-pressure 
at a fixed temperature in the liquid) the samples 
extracted from the superfluid He-II at T=1.6 K, for 
example, start to decay on heating them by the 
outer illumination in nonsaturated helium vapor 
above 1.8 K. Irreversible decay of the gel sample is 
accompanied by irradiation of the 4He gas flow and 
by appearance of the white powder (amorphous 
impurity matter apparently)   at the bottom and on 
the walls of experimental glass cell filled with He-
II. The total volume of the powder is near two 
orders less than the volume of initial gel samples. 
This powder can exist on heating up to high 
temperatures, above 10 K, at atmospheric pressure, 
and one could wait for observation of a number of 
phase transitions with rising the temperature.  

Disappearance due to decay of an upper  
part of the sample sticking over the level of He-II 
in the cell with lowering the level of liquid results 
in evolution of  shape of the sample in unsaturated 
helium vapors. From instability of the “dried 
samples” at T≥ 1.8 K and at reduced helium vapor 
pressure it follows that the binding energy between 
clusters forming the gel’s backbone is not so high (of 
order of 10 K) and interaction of the cluster net with 
liquid helium permeating the pores in bulk of the 
sample is of the key importance for the gel formation.  

Our future plans include further 
improvement of the helium-lock methods for 
preparation the massive impurity gel samples, 
investigations of the visible and near infrared light 
propagation through the water gel and other gel 

samples in superfluid helium, study of propagation 
of short heat pulses (second sound wave pulses in 
He-II) through the massive gel sample in He-II. 
The main goal of the study is to clear the inner 
structure of the backbone in gel samples  and 
characteristic binding energy that is of importance 
for further search of inelastic scattering of cold 
neutron at any degrees of freedom of the weakly 
bounded cluster systems forming the gel backbone 
which is formed at the process of condensation of 
the gas flow at the He-II − vapor interface. It is 
known from the literature  (see ref. [1]) that in bulk 
of the small He-II droplets, flying through a vessel 
filled with the water vapor, one could observe 
localized H2O molecules, chains of water dimmers, 
trimers, etc, up to the closed hexamer (H2O)6 
chain, and  water cages at N > 6. It could be of a 
great interest to try to clear existence of such  
chains and fullerene-like water cages in bulk of the 
water gel sample in He-II. 
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