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CoMPARATIVELY little work has been devoted 
to the study of physical properties of adsorbed gas. 
Indeed, only isothermal adsorption and heat capac
ity of thin films of gas have been studied in any de
gree of detail. 1- 4 Therefore, it is of definite inter
est to carry out investigations of nuclear magnetic 
resonance (n.m.r.) in thin films of a substance, 
since from the form of the resonance curves it is 
possible to evaluate the interaction between the 
molecules of the adsorbed gas and to study the 
effect of the substratum. 

In order to study the problems indicated above, 
n.m.r. investigations were undertaken in thin films 
of hydrogen, water, and methane adsorbed by acti
vated charcoal. The investigations were carried 
out by means of the spin-echo method, 5 which en
ables us to measure in a comparatively simple 
way the longitudinal and the transverse relaxation 
times (T1 and T2 ), and also to evaluate the self
diffusion coefficients. 

FIG. 1 

The block diagram of the apparatus is shown in 
Fig. 1. The rectangular pulse generator 1 enabled 
us to obtain: a) two or three pulses with independ
ent control of their length, repetition frequency 
and the time interval between them; b) a single 
pulse, followed by a series of equidistant pulses 
with independent control of the pulse length and 
the time interval between them. The pulse gener
ator modulates the radiofrequency oscillator 2 
stabilized by a quartz crystal and operating at a 
frequency of 14 Mcs. In order to avoid overload-

ing the radiofrequency amplifier the latter is sep
arated from the oscillator by the r-f bridge 3 one 
of whose arms contains the coil with the sample 4; 
the r-f amplifier 5 has a gain of "'105• The sig
nal from the detector was applied to the input 6 
of an I0-4 oscillograph. 

A magnetic field of 3300 oe was produced by a 
permanent magnet with pole pieces 110 mm in di
ameter and with a 40 mm gap. The magnet was 
provided with coils which made it possible for the 
magnetic field to be varied by ±50 oe. 

This apparatus enabled us to measure the Ion
gitudinal and transverse relaxation times ( T1 and 
T2 ) in the range 10-4 -10 sec. 

For the determination of T1 three pulses were 
applied to the sample and the relaxation time was 
determined by analyzing the intensity of the stimu
lated echo signal as a function of the time between 
the first and the third pulses. 5 A study of the in
tensity of the spin echo signal as a function of the 
time between two pulses enabled us to calculate 
the relaxation time T2 and the self-diffusion coef
ficient. Moreover, the dependence of the intensity 
of the spin echo on the time elapsed from the appli
cation of a single orienting pulse and a series of 
equidistant pulses enabled us to determine T2 di
rectly.5 

FIG. 2 

As an illustration Fig. 2 shows a spin echo os
cillogram from which the relaxation time T 2 was 
determined for hydrogen adsorbed on charcoal at 
a temperature of 77° K. 

The table summarizes data on the measurement 
of the relaxation times T1 and T2 for hydrogen, 
methane, and water adsorbed on charcoal, and also 
an evaluation of the self-diffusion coefficient (D), 
and of the activation energy ( Q ) obtained by the 
n.m.r. method at different temperatures. 

From the table it may be seen that at a temper
ature of 77°K the width of the n.m.r. line in hydro
gen adsorbed on charcoal is 0.2 oe, while according 
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to Bloom's data6 hydrogen has an absorption line of 
0.1 oe width only near its freezing point (liquid hy
drogen gives a line width of 10-3 oe ) . It should be 
pointed out that at a temperature in the neighbor
hood of 25°K the n.m.r. line width in hydrogen ad
sorbed on charcoal increases to 2 oe. It is of defi
nite interest to make an estimate of the coefficient 
of internal friction for water. According to n.m.r. 
data the viscosity of water in the adsorbed state 
increases by more than an order of magnitude. 

Thus, an analysis of the results of this investi
gation shows that physical properties of adsorbed 
gases can be successfully studied by the n.m.r. 
method which significantly extends the range of 
possibilities in the study of molecular physics. 
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utes ) . Such a choice is not fortuitous, for the dura
tion of the relaxation processes determines the 
time scale of the experiment. With long relaxation 
times, it is easy to excite the spin system by the 
method of adiabatic rapid passage or with the aid 
of 180° pulses. A similar method (a 45° pulse) 
has been successfully applied also to the excitation 
of organic free radicals4 possessing relaxation 
times from 0.03 to 0.1 JJ.Sec. 
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For the overwhelming majority of ferrites, the 

J. Exptl. Theoret. Phys. (U.S.S.R.) 38, 1334-1337 relaxation times T, estimated from the width of 
(April, 1960) the ferromagnetic resonance line, are much smaller 

I than the figures mentioned. This circumstance sub-
N recent years there have been published anum- stantially complicates the technical application of 

ber of researches related to spontaneous coherent the indicated method for excitation of ferrites. 
radiation of electron spin systems in the micro- Furthermore there is a difficulty in principle, in 
wave range. In the majority of cases, 1- 3 generation that T is of the order of magnitude of, or less 
is accomplished by use of paramagnetics that pos- than, the time constant of the apparatus. There
sess, at liquid-helium temperatures, very long spin- fore we used a somewhat different principle, con
lattice relaxation times (from milliseconds to min- sisting of this: that the resonance excitation of the 


