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Nowadays natural gas hydrates attract special attention as a possible source of fossil fuel. According to various
estimates, the reserves of hydrocarbons in hydrates exceed considerably explored reserves of natural gas. Due
to the clathrate structure the unit volume of the gas hydrate can contain up to 160-180 volumes of pure gas. In
recent years interest to a problem of gas hydrates has considerably increased. Such changes are connected with
the progress of searches of alternative sources of hydrocarbonic raw materials in countries that do not possess
the resources of energy carriers. Thus gas hydrates are nonconventional sources of the hydrcarbonic raw mate-
rials which can be developed in the near future.

At the same time, mechanisms of methane clathrate hydrates formations have not reached an advanced level,
their thermophysical and mechanical properties have not been investigated profoundly [1]. Regarding this ex-
perimental modeling of the processes of formational clathrate hydrates of methane in water cryomatrix in the
process of co-condensation from gas phase on cooled substrate was carried in the range of condensation tem-
peratures T=(12-60) K and pressures P=(10"-10) Torr. In this experiment concentration of methane in water
varies in the range of 1-10%. The thickness of a film was 30-60 mcm. The vibrational spectra of two-
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component thin films of cryovacuum condensates of CH,+H,O were measured and analyzed.

Keywords: methane, gas hydrates, cryomatrix-physical modeling, clathrate hydrates formations.
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1 Introduction

Interest to studying hydrates of methane is
caused both the applied importance of such re-
searches, and fundamental interest. When we
speak about practical application of the knowledge
connected with processes of formation and proper-
ties of clathrates of methane, first of all that we
have to know the main deposits of methane are con-
centrated on bottom of the World Ocean and exist
in the form of clathrates. The solution of the prob-
lem of production of these minerals is an important
scientific and applied task.

Beside, there are numbers of questions, which
are connected with interaction of the molecules me-
thane with other substances, having a greater extent
heuristic meaning. In particular, it is a question of
interaction in water molecules when quantum fea-
tures of methane, such as closed interrelation of os-
cillatory and rotary modes of a molecule is fully
shown. The second circumstance is connected with
properties of molecules of water to form grids of

* Corresponding author: e-mail: Drobyshev@kaznu.kz

www.kaznu.kz

hydrogen communications. The combination of
these properties leads to formation of the systems
consisting of molecules of methane, surrounded
with a grid of the molecules which are connected
with hydrogen atoms — methane clathrates.

The real research is devoted to studying of such
systems. Thus feature of our researches is the fol-
lowing. We suppose that the behavior of methane in
the water environment with high pressures (as it is
carried out at a depth of 2-3 km) can quite be mod-
eled by a method of cryomatrix isolation at big con-
centration. We suppose that interposition of a me-
thane molecule in a lattice of ice of water can be
similar as an environment of clathrates existence.
Ice can create the same static influence, as well as
water at a great depth. In this case we can simply
obtain the studied object and conduct it's researches
in vitro.

Vibrational ranges of two-component mixes
(water and methane), formed in various conditions,
lie at the heart of a technique of formed films study-
ing. Detected features can be interpreted as exis-
tence of the connected states of methane in solid
solution with water. Thus the co-condensation me-
thod from gas mix on cooled substrate gives oppor-
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tunities to change over a wide range experimental
conditions, and also to study thermostimulated
processes in objects.

2 Experiments and measurement procedure

At the core of procedure for obtaining informa-
tion about the state of methane molecules in the ma-
trix of different gases is an analysis of the absorp-
tive amplitude of band, which corresponds to the
vibrations of the methane molecule in the un-
bounded state. The measurements were carried at
the system, which scheme is given in Picture.1. The
main unit of the system is a cylindrical vacuum
chamber (1) in diameter and a height of 450 mm.
Pumping out the vacuum chamber was carried out
by turbo-molecular pump Turbo-V-301 (2), which
was connected to the chamber through the sliding
vane gate valve CFF-100 (3). As a backing vacuum
pump dry spiral pump SH-110 (not shown at the
picture) was used. The ultimate vacuum in the
chamber reaches the value not worse than P=10"
Torr. Measuring the pressure in the chamber was
carried out with wide-range pressure transducer
FRG-700 (4) with the controller AGC-100.

In the center of the chamber the microcryogenic
system of Gifford-McMahon (5) is located. On the
top flange of microcryogenic system a mirror sub-
strate (6) serving as condensation surface of mixture
of methane and water is mounted. The substrate is
made from copper, the working surface of which is
covered with silver. The diameter of the substrate is
d=60 mm. The minimum temperature of condensa-
tion is T=12 K. The temperature measurement was
carried out by silicon sensor TS 670-1.4 using a
temperature controller M335/20c. Measurement of
thickness and rate of condensation is carried out by
a double-beam laser interferometer based on photo-
electron-multiplier P25a-SS-0-100 (7). IR absorp-
tion spectra was measured in the frequency range
400 cm™ — 4200 cm™,

To obtain a mixture of the test substance with a
matrix gas calibrated volume (not shown at the pic-
ture) was used. At first the scope was filled up to
necessary pressure with the investigated gas (me-
thane). Typically, the pressure value was 1-1,5Torr.
Thereafter, the calibration volume was filled up to
the required pressure with water vapor, which cor-
responds to a working concentration. For the prepa-
ration of the mixture the pressure controller PR
4000 (MKS) was used with an accuracy of mea-
surement of pressure 0,01Torr.

Figure 1 — Experimental installation. 1 — vacuum cham-
ber; 2 — pump Turbo-V-301, 3 — sliding vane gate valve
CFF-100; 4 — pressure transducer FRG-700; 5 — micro-
cryogenic system of Gifford-McMahon; 6- substrate; 7
— photomultiplier; 8 — optical channel; 9 — IR-
spectrometr; 10 — lake system.

There is a following procedure for the perfor-
mance of the experiment. The vacuum chamber was
pumped out up to a pressure of P=10" Torr, then to
prevent contamination the substrate was overlap-
ping with the protective plate and its cooling up to
T=12 K was carried out. With the leakage system
(10) in the chamber the operating pressure of the
mixture P=10" Torr was setting, the substrate was
opening and the process of film cryocondensation
begun, it was controlled by double-beam laser inter-
ferometer. Once the sample thickness reached of
about 25-30 pum gas filling was stopped and a pres-
sure in the chamber was set about P=10" Torr.
Next, the vibrational spectrum of the sample was
measured, whereupon IR spectrometer was installed
at a frequency of observation and an interferometer
signal was measured at a constant temperature equal
to the condensation temperature T=16 K within 30-
40 minutes. Thus, the state of the sample was ana-
lyzed over time at a constant temperature.

Further measurements were carried out by two
methods. In one case, was carried out the step heat-
ing of the sample by 0.5-1 degree with the mea-
surement of the reflectance spectrum at a fixed tem-
perature. In the second case, was carried out the
continuous heating of the sample, the speed of
which determined by the natural heat inflows to the
substrate with switched off microcryogenic ma-
chine. In this case, the IR-spectrometer signal was
measured at a fixed frequency in the vicinity of the
characteristic vibration frequencies of the water mo-
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lecule. Change in a given signal is a reflection of
transformations in the test sample.

3 Results and discussion

In the present study we used methane gas pro-
duced by company IHSAN TECHNOGAZ. Gas
purity was 99.99%. The picture. 2 shows the vibra-
tion spectrum of methane in gas state (bottom spec-
trum) and solid state (upper spectrum). Spectrum of
methane in gas state was measured at a pressure P =
4 Torr and a temperature T = 300 K. The solid sam-
ple was obtained in the course of methane cryova-
cum condensation of gas at a pressure P, = 10 Torr
at a substrate temperature is maintained at T = 16 K.
The thickness of the sample was 5 mcm.
We will not go into a detailed analysis of those
spectrums, bearing in mind that these measurements
have predominantly gauge character. We only note
that cryocondensation of methane leads to freezing
of the rotational subsystem of methane, resulting in
a transformation of the gas spectrum in two fairly
narrow absorption bands. The maximum absorption
band of C-H stretching vibrations is located at the
frequency of v = 3016 cm™. Corresponding band of
deformation vibrations has a minimum at a frequen-
cy of v = 1306 cm™. These data is needed for ana-
lyzing the state of the methane molecule in the solid
solution in water.

The process of formation of methane hydrates
as sumes the existence of certain features in the in-
teraction of methane molecules with a lattice of ice
water. To do correct assessment of this effect it
seems appropriate to investigate the effect of neutral
cryomatrix on the vibrational spectra of methane. In
addition, these measurements are not the main pur-
poses of these studies, and they have a calibration
character.

Picture.3 shows the results of these studies in a
5% solution of methane with nitrogen and argon.
The picture.3 (a) shows the data in the frequency
range of C-H stretching vibrations, and the figure
on the right shows the corresponding data for de-
formation vibrations. These are compared with the
corresponding absorption bands of cryocondensed
pure methane. The samples shown in picture. 3
were condensed at a substrate temperature T = 16 K
and a pressure of the gas phase P = 10~ Torr. The
sample thickness was d = 10 mcm.

As seen in picture.3, the absorption band of the
stretching and deformation vibrations of methane
molecules in solution with argon and nitrogen mar-
kedly shifted to higher frequencies relating to pure
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methane, this is a result of the influence which lat-
tice of matrix has on the methane molecules. Inte-
restingly, the amount of offset of the valence band
is almost the same as the fluctuations of the me-
thane- nitrogen mixtures and mixtures of argon-
methane and the value is about 9 cm™'. At the same
time, deformation of the absorption band of oscilla-
tion (pic.3(b)) of a mixture of methane and argon is
shifted to by 6 cm ', and the methane- nitrogen
mixture by 9 cm™ ',

CH film, d=5 mcm
T=16K, P =10° Torr

.

reflectivity, arb.units

CH,-gas
P=4 Torr, T=300 K

T T T T T
1000 1500 2000 2500 3000 3500 4000
frequency, cm”'

Figure 2 —The rotational-vibrational spectrum of methane
in gas and solid state.

In the present article we present the results of
studying properties of thin films of cryocondensates
of two-component mixes of methane and water in
the range of concentration ratios from 5% to 90%.
The general scheme of carrying out experiments
included the following stages. Mixture of gaseous
methane and vapors of water of the specific
concentration was filled in the vacuum camera
which was previously pumped-out up to the
pressure of P=10" Torr and condensed on a
substrate at a temperature of T=16 K and pressure
of P=10” Torr. Sample thickness usually was 10-15
mcm. It is important to note that due to the change
of concentration of mixture film thickness also
varied so that the effective mass of methane in
various samples remained approximately same.
Measurement of an oscillatory range in the range of
characteristic frequencies of fluctuations of a
molecule of methane was carried out on reaching
the set parameters of a film. Further measurements
were carried out according to two schemes which
have been used by us in earlier investigations.[2,
3]In the first case, ranges were taken at the fixed
values substrate temperatures in the course of its
increase. Thus the behavior of strips of the
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absorption of methane was controlled. In the
second technique, the frequency of an IR-
spectrometer was set on value of the any maximum
absorption strip of methane. As a rule, we set the
frequency of deformation fluctuations because, in
difference from valent CH-fluctuations, this
frequency concerning strip is separated from stripes
of absorption of water. Further we measured the
absorption amplitude at a chosen frequency in the
course of slow temperature increase of a substrate
before the sample evaporated. The obtained
thermograms continuously reflecteda condition of
samples in the course of their heating.

In the present article we present the results of
studying properties of thin films of cryocondensates
of two-component mixes of methane and water in
the range of concentration ratios from 5% to 90%.
The general scheme of carrying out experiments
included the following stages. Mixture of gaseous
methane and vapors of water of the specific
concentration was filled in the vacuum camera
which was previously pumped-out up to the
pressure of P=10" Torr and condensed on a
substrate at a temperature of T=16 K and pressure
of P=10" Torr. Sample thickness usually was 10-15
mem. It is important to note that due to the change
of concentration of mixture film thickness also
varied so that the effective mass of methane in
various samples remained approximately same.
Measurement of an oscillatory range in the range of
characteristic frequencies of fluctuations of a
molecule of methane was carried out on reaching
the set parameters of a film. Further measurements
were carried out according to two schemes which
have been used by us in earlier investigations.[2,
3]In the first case, ranges were taken at the fixed
values substrate temperatures in the course of its
increase. Thus the behavior of strips of the
absorption of methane was controlled. In the
second technique, the frequency of an IR-
spectrometer was set on value of the any maximum
absorption strip of methane. As a rule, we set the
frequency of deformation fluctuations because, in
difference from valent CH-fluctuations, this
frequency concerning strip is separated from stripes
of absorption of water. Further we measured the
absorption amplitude at a chosen frequency in the
course of slow temperature increase of a substrate
before the sample evaporated. The obtained
thermograms continuously reflecteda condition of
samples in the course of their heating.
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Figure 3 — IR spectrums of thin films of pure methane
and its 5% mixture with nitrogen and argon in the ranges
of valence (a) and deformation (b) CH fluctuation fre-
quencies.

One more important measured parameter in our
experiments is change of pressure in the vacuum
camera. In the course of its measurement the
pumping valve of the camera was slightly opened
to pump out the residual gases which are
consequences of a inleakage in the camera and
change of equilibrium pressure at temperature
increase. Thus, spontaneous thermodesorption
increase of pressure in the camera may be
connected with the processes happening in a
sample, which are reflected in the characters of the
thermograms which were obtained at measurement
of a signal of an IR-spectrometer. This method of
thermal desorption was widely used earlier by us
and some other authors [4-6]. Thus, measurement of
oscillatory ranges of the condensed films and the
subsequent analysis of their transformations in the
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course of temperature increase during a methane co-
heart of physical modeling of processes of
formation of hydrates of methane suggested by us.

The vibrational range of the sample consisting
of 25% of methane and 75% of water is presented in
pic. 4. The temperature of the condensation is
T=16K, the pressure of the condensation is P=107
Torr, the thickness of a film is d=10 mcm. The main
strips of absorption in this spectrum belong to the
following fluctuations.

Absorption band with a maximum at a
frequency v = 1320 cm’ corresponds to a
deformation (or rotational ) vibrations of C - H
bond of methane. Wide peak with a maximum at a
frequency v = 1676 cm™ ' refers to the deformation
vibrations of the water molecule. Sharp peak at the
specified frequency v= 3020 cm™ ' corresponds to
the stretching vibrations of CH, , and the following
wide peak centered at a frequency v= 3300 cm™
displays the OH bond of the water molecule.lIt is an
interesting interpretation of the peak at v=3670 cm’
! Traditionally fluctuations located in this
frequency range are referred to as quasi-free
vibrations of monomers or dimers of linear
molecules of water in cryomatrix [ 7-9 ]. In the
cited works, this peak was a narrow absorption band
with a pronounced minimum, whereas in the present
studies band at 3670cm™ and the deformation peak
of water at 1676 cm’™' have a complex fine structure
that may be due to the peculiarities of interaction of
molecules of water and methane. As seen in Pic. 4,
the absorption bands of methane in 25 % mixture of
water have little "blue" shift relatively to pure solid
methane, amounting to the value of the bending vi-
bration of about 14 cm™ and for CH stretching vi-
brations of approximately 5 cm™. It is virtually
identical to the data for other matrixes (Pic. 2).
From this, we can conclude that the state of the me-
thane molecule, its vibrational spectrum is weakly
dependent on the composition of the mixtures we
discussed in our article.

Infrared spectra of samples condensed at T = 16
K were measured and subsequently warmed with an
interval of 2-5 K until complete evaporation of the
sample at a temperature of about 180 K. It was
found that up to a temperature of 160 K the absorp-
tion band is presented in the sample corresponding
to fluctuations of methane molecule. It is necessary
to notice that the values of the equilibrium tempera-
ture of methane at operating pressures of the order
of 10°-10°Torr is around 36-38 K, i.c., at substrate
temperatures above these values, solid methane
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condensation with vapors of water lies at the
must be completely evaporated , if it is in a free
state . We can reliably assume that in this case there
may be at least two bound states of methane in wa-
ter; namely, the methane is adsorbed by cryocon-
densate layers of water and methane in a state of
hydrates. These two states of methane may occur at
elevated temperatures in the form of characteristic
absorption bands in the IR spectra.

CH,(25%)+H,0(75%)
T,=16K P =10° Torr

v=1676 cm’'
O-H-def.

v=3670 cm’!
O-H -clatr.?

Reflectance, arb. un.
IS
|

v=3020 cm”’
C-H-val.

7 v=1320cm’

C-H-vibr.
-

1200 1500 1800 2100 2400 2700 3000 3300 3800 3900 4200

Frequency, cm™

Figure 4 —IR spectrum of the film of cryovacuum con-
densate of mixture of 25 % methane and 75 % water.
Condensing temperature is T = 16 K; condensing pres-
sure is P = 10~ Torr, film thickness is d = 10 mem.

As the experience of our previous studies, the
observation at a fixed IR spectrometer frequency
can give more detailed information about thermally
stimulated processes occurring in cryocondensates.
As we have said, it is more convenient to observe
the behavior of the absorption band at a frequency
of deformation vibrations of methane due to its iso-
lation relative to other bands. The results of these
measurements are presented in Pic. 5. These ther-
mograms of two concentration ratios of methane
and water are obtained by observation at frequency
of IR spectrometer v= 1320 cm'. Thin lines show
the corresponding absorption bands, which clearly
demonstrate the position of the measured values on
the thermograms relatively to absorption bands, i.e.
the presence of methane in the sample.

When we're analyzing the thermograms shown
in Pic.5, we should note the following basic facts.

1. Methane in the solid solution with water is
present in the sample up to the evaporation tempera-
ture of water, i.e. to T = 160-170 K.

2. Character of the thermogram significantly de-
pends on the concentration of methane in water.
The small concentration of methane in the gas phase
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leads to the slower and more monotonically changes
of the amplitude of absorption of deformation vibra-
tions, and, consequently, the methane content in the
sample.

CH, (50%) +H,0 (50%)

CH, (25%) +H,0 (75%)

CH, (10%) +H,0 (90%)

Reflection amplitude at v=1320 cm “ arb. un.

e , R
0 20 40 60 80 120 140 160 180 200 220 240
Temperature K

Figure 5 — Thermally stimulated changes in reflectance
capacity of samples at the frequency of observation of v=
1320 cm™. Thermograms are presented with different
concentration ratios of methane and water. Thin lines
show the absorption bands of the deformation vibrations
of methane to the corresponding experiments.

3. Characteristic values of the temperature,
which is observed in the region of the most radical
changes of the nature of thermograms, are T =40 K
(sublimation temperature of pure methane [10]) and
T = 135-140K (temperature of the transition of
amorphous ice water to state of super cold liquid
SCL [11, 12]).

The comparison of thermograms of the interfe-
rometer signal with measurements of pressure in the
chamber at the same temperatures significantly
complements the information about the processes
occurring in the samples when the temperature is
rising.

As can be seen from the figures, the character of
changes of the amplitude of deformation vibrations
of methane molecule depends on the composition of
the samples. However, it should be noted that the
characteristic of behavior of features of the thermo-
grams for all given concentrations are closely asso-
ciated with the methane desorption peaks. Thus, the
interpretation of the nature of desorption peaks in
combination with IR thermograms may hold the key
to understanding the processes which are occurring
in the samples. In particular, peak 1 in Pic.6 and 7
(at Pic. 8 it is missed), most likely, is not associated
with changes in methane concentration in the sam-
ple, because his appearance at T = 20 K is not ac-
companied by changes in the amplitude of the de-

formation vibrations. Apparently, this peak corres-
ponds to the gas desorption (possibly of nitrogen),
which is condensed on the inoperative surfaces of
the substrate out of a film. This fact is also men-
tioned in [13].

Reflectance at v=1320 ci

5
44
1
3
24
2 Pressure in the chamber
1

T T T
0 20 40 60 80 100 120
Temperature, K

Pressure and reflectance, arb. un.

140 160 180 200

Figure 6 — Change of reflectance of the sample (50 % CH,4

+50% H,0) at the frequency of observation v = 1305 cm’

! (upper curve) and the pressure in the chamber (bottom

curve) in the heating process. Condensation temperature
is T.= 16 K, the sample thickness is d = 10 mcm.

Desorption peaks 1 and 2 in Pic. 6, as well as
peak 2 in Pic.7 and peak 1 in Pic. 8 are in full
agreement with the change of the amplitude of the
absorption frequency of the deformation vibrations
of methane v = 1305 cm™. Start -up of increase of
pressure in the vicinity of the sample temperature
T=40 K coincides with a sharp decrease of the am-
plitude of the absorption at the observed frequency
of the spectrometer. Further increase of the tem-
perature in the interval from T = 40 K to approx-
imately T = 58 K is accompanied by increase of the
desorption pressure to a maximum value at a tem-
perature T = 42-43 K with subsequent reduction to
the original value (P =5 * 10" Torr). Maximum val-
ues of desorption pressure for the different samples
are P = 2*10” Torr in Pic. 6, P = 9 * 10° Torr in
Pic. 7 and P = 4*10° Torr in Pic. 8. When the con-
centration of methane in the sample is higher, the
value of pressure of thermal desorption is increas-
ing.

The obvious presence of fine structure of consi-
dered desorption peaks for different samples sug-
gests, that the processes occurring in this tempera-
ture range are more complex than just desorption of
cryocaptured molecules of methane. However, in
this article we are not going to discuss these ques-
tions, because of the need more detailed studies of
this phenomenon.

39



Methane in water cryomatrix-physical modeling ...

Phys. Sci. Technol., Vol. 1 (No. 1), 2014: 34-42

CH,(25%)+H,0(75%)
T,=16K P_=2*10" Torr

2 Reflectance at v=1305 cm”

Pressure and reflectance, arb. un.

Pressure in chamber

T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

Temperature, K

Figure 7 — The change of the reflectance of the sample
(25 % CH4 +75% H,0) at a frequency of observation v =
1305 cm™ ' (upper curve) and the pressure in the chamber

(bottom curve) in the heating process. Condensation
temperature is T, = 16 K, the sample thickness is d = 10
mem.

o] CH,(10%)+H,0(90%)
] T =16K P_=2"10" Torr

Reflectance at v=1305 cm’

Refrectance and pressure, arb. un.

0 —
0 20 40 60 80 100 120 140 160 180 200
Temperature, K

Figure 8 — Change in reflectance of the sample (10 %
CH, +90% H,0) at a frequency of observation v=1305
cm ' (upper curve) and the pressure in the chamber (bot-
tom curve) in the heating process. Condensation tem-
perature is T,= 16 K, the sample thickness is d = 10
mem.

Temperature range 145-160 K is characterized
by stabilization processes occurring in all three
samples. The pressure in the chamber, and the am-
plitude of absorption of deformation vibration of
methane remained practically unchanged. Starting
from the same temperature T = 160 K a pressure in
the chamber sharply increased and the amplitude of
the absorption band at a frequency of observation
simultaneously decreased. This process is carried
out until complete evaporation of the samples at T =

40

180 K. It should be noted that methane contained in

the samples throughout the range of temperatures
from 160 to 180 K.

4 Conclusions

Our studies have shown that in the process of
co-condensation of methane and water on the sub-
strate at the temperature of T = 16 K a two-
component solid film was formed. Measuring the
vibrational spectra of the samples we have found a
little "blue" shift relatively to the spectra of pure
solid methane, amounting to the value of the bend-
ing vibration of about 14 cm™ and for CH stretching
vibrations of approximately 5 cm™. It is virtually
identical to the data for nitrogen and argon matrices,
from which we can conclude that the state of the
methane molecule and its vibrational spectrum are
weakly dependent on the composition in the dis-
cussed mixtures.

At this stage of research we can make some as-
sumptions relatively the status of methane mole-
cules in the "matrix" of water which are based on
the comparison of the thermal desorption curves
and of thermograms of amplitude variations of the
absorption characteristic vibration frequencies of
methane. In our view, it is natural to assume that
under these conditions cryoprecipitated methane in
solid solution with water can exist in three states.
Firstly, it is a condensed state, i.e. solid phase of
methane. Secondly, the methane can be in an ad-
sorbed state. The role of absorbent is played by the
amorphous solid water (ASW). It is a condition cha-
racterized for water cryovacuum condensates
formed at T = 16 K [14, 15]. Thirdly, methane may
be in a bound state with the molecules of water
which are forming clathrates. This, indeed, is the
subject of our study. In this paper we attempt to de-
termine the temperature ranges of these states,
based on the properties of amorphous solid water
ASW and comparing obtained thermograms of de-
sorption and absorption amplitudes of deformation
vibrations of methane. As it can be seen in Fig. 6-8
the data for more detailed analysis can be divided
into four main temperature ranges.

1.Temperature range from 30 K to 58 K. In our
opinion, the cause of the desorption peak and a
sharp change of the amplitude of the absorption fre-
quency of observation v = 1305 cm™ is the evapora-
tion of solid methane, which was condensed at T =
16 K. This assumption is consistent with the values
of methane equilibrium parameters (pressure, tem-
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perature) on the phase diagram. Desorption peaks at
about T = 20 K, may not relate to the sample and,
possibly, are connected with condensates at non-
working surface of the cryostat.

2. Temperature range from 60 K to 130 K.
There is a monotonic decrease in the content of me-
thane adsorbed in the sample, associated with a de-
crease in the adsorption capacity of the amorphous
film of water at higher temperatures. The process is
extended in time, so that the desorbed methane
pumped from the chamber without the formation of
a peak of desorption.

3.Temperature range from 130 K to 145 K. The
observed sharp changes of the measured parameters
are related, in our opinion, to the restructuring of
the solid phase from the water - amorphous state
(ASW) through the intermediate state super cold
liquid (SCL) to cubic ice [4, 15]. It is due to the
presence of intermediate SCL-state, adsorbed me-
thane gets necessary diffusion mobility to move to
the phase boundary and subsequent desorption.

4. The temperature range of T = 145 K before
the temperature of evaporation of the sample. In the
range from 145 to 160 K the methane content in the
sample is virtually unchanged. Thus the quantity of
methane in the samples is sufficiently large. In par-
ticular, if we judge by the value of the amplitude of
the absorption, the 10% sample at 160 K contains at
least 60% of the original content of methane (see
Pic. 5). At these high temperatures, methane may be
in the film only in the bound state with the water,
namely in the form of clathrates. Increase of the
temperature above 160 K leads to a decrease of me-

thane content, which is most likely connected with
the transition of cubic ice I, to regular hexagonal
state I, which is apparently accompanied by a par-
tial destruction of the clathrates. Narrow tempera-
ture range 172-176 K (Pic. 8) with constant values
of the methane content corresponds to the existence
of hexagonal ice containing methane clathrates.
Further increase of temperature leads to evaporation
of the water film with simultaneous change of me-
thane content, i.e. its evaporation. The fact that me-
thane leaves the sample together with the evaporat-
ing water confirms presence of methane clathrates
in the samples.

Thus, based on experimental studies, we made
the following conclusions.

1. A two-component film containing methane
clathrates forms in the process of cryovacuum co-
condensation of water vapor and methane on the
substrateat T =16 K .

2. The behavior of the samples during the tem-
perature increase depends on the concentration ra-
tios of water and methane. However, the characte-
ristic temperature ranges are associated with the
equilibrium properties of methane and structural
phase transformations of amorphous solid water, the
variation of the measured parameters for all samples
had the same general characteristics.

3. The samples contain methane until the evapo-
ration of ice at a temperature of about T = 180 K.
This may serve as confirmation of the assumption
of the presence of methane clathrates in the studied
samples.
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