VoLUME 20, NUMBER 5

PHYSICAL REVIEW LETTERS

29 JANUARY 1968

SELF-DIFFUSION MEASUREMENTS IN CRITICAL ARGON
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The purpose of this Letter is to present and
discuss a set of experimental data on the self-
diffusion in critical argon. Such measurements
have been performed in order to examine the
behavior of a simple fluid in the vicinity of the
critical point and decide if any peculiar change
of mechanism for self-diffusion is observed.

The method of measurement and the appara-
tus are described in detail elsewhere.'»® The
experiments are carried out by means of a trac-
er technique in argon flowing in a capillary
with a mean velocity of about 0.1 mm/sec.

An Ar3® concentration step is initially produced
in the flowing gas at the capillary inlet. The
diffusion coefficient D is deduced from the shape
of the concentration step at the outlet end of

the capillary, as measured by a mass spectrom-
eter. The fluid is maintained at a preset tem-
perature constant within 0.001°C. The absolute
temperature is known within 0.05°C. The den-
sity p is measured with an error of about 1%,
The temperature and the density of each run
are compared, through a precise pressure mea-
surement, with the available PVT data.® The
accuracy of the diffusion-coefficient measure-
ments is +5%. In Fig. 1 the experimental re-
sults are reported in a graph of 1/D versus

p; it is seen that within the experimental er-
ror no difference exists between the “critical”
and “noncritical” data. The data which lie in
the temperature range 7'=7.+0.1°C (T, =crit-
ical temperature = 122.29°C) and in the densi-

ty range p=p.+10% (p. = critical density =300.4
amagat units) have been considered “critical.”
A theory of the self-diffusion coefficient of a
pure fluid in the neighborhood of the critical
point has been developed by Kawasaki,* using
the Ising lattice model. This calculation shows
that a large anomaly in the self-diffusion co-
efficient is not expected. On the other hand,

the author suggests a possible sharp discon-
tinuity in the first derivative of D versus the
temperature.

Giterman and Gertsenshtein® have studied
the effect of the critical fluctuations on the
Brownian motion of a particle in a pure sub-
stance. From their calculation it can be de-
duced that the diffusive path is essentially un-

perturbed as long as diffusion times large in
comparison with a characteristic fluctuation
time ¢ are considered. This characteristic
time is defined as

t=(3n+8a, 1)

where 1 and ¢ are the shear and volume vis-
cosities and « is the compressibility of the
fluid.

Since a sharply increases to infinity approach-
ing the critical point, from Eq. (1) a sharp
change in D as a function of temperature is
expected. However, in a typical fluid for (T
_Tc)/Tc =10"5, which reasonably is the clos-
est experimental approach to the critical point,
t is still about 10~* sec. In an ordinary diffu-
sion measurement the diffusion time ranges
from about 1 sec (for nmr techniques) to 10*
sec (for tracer techniques), so that no appre-
ciable change of D in the neighborhood of the
critical point should be observed. A different
situation is that of the binary diffusion of im-
purities in a critical fluid. In this case, con-
sistent with theory,* the diffusion coefficient
falls to zero® approaching the critical point.
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FIG 1. The self-diffusion coefficient of Ar in the crit-
ical region. The dotted line represents the behavior of
an ideal gas following the Chapman-Enskog theory. So-
lid circles, critical-region data; open circles, noncrit-
ical data.
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The critical effects start to be measurable
at (T-T.)/T.~1073, This behavior is similar
to that of the binary diffusion coefficient of two
liquids approaching the critical point of sepa-
ration,” which falls to zero as predicted by the-
ory.® This similarity is not surprising since
there is experimental evidence for a phase sep-
aration of impurities in the neighborhood of
the critical point of a fluid,® arising from the
large density fluctuations.
Previous self-diffusion measurements in
the critical region have been carried out by
a nmr technique on C,H,'® and on CH,.'* While
in CH,, as in Ar, no appreciable change in
the critical region was observed, in C,H; a
decrease of D amounting to about 50% was found.
Such a discrepancy could arise from the tech-
nique employed for C,H;. In fact, to reduce
the proton spin-lattice relaxation time, 1%
of O, was added to the sample. Bearing in mind
the above considerations on the behavior of
impurities in the critical region, one should
regard these data as diffusion of O, in C,H,.
Finally, Modena and Ricci have recently re-
ported that the mobility of electrons in He®
shows a smooth decrease of 30% in the crit-
ical region.? In these measurements the mo-
tion of the electronic bubble is due to the driv-
ing force of the applied electric field. Unless
a frictional mechanism is assumed for the dif-
fusion in the fluid, the resulting viscous mo-
tion of the bubble cannot be compared with a
diffusive process. The measurements are in
good agreement with the observed behavior

of viscosity of CO,, which increases smooth-
ly in the critical region.®
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M. De Paz, B. Turi, and M. L. Klein, to be pub-
lished.

2M. De Paz, in Proceedings of the Fourth Symposium
on Thermophysical Properties, Maryland, April, 1967
(to be published).

SA. Michels, J. M. Levelt, and W. De Graaf, Physica
25, 659 (1958).

K. Kawasaki, Phys. Rev. 150, 285 (1966).

M. S. Giterman and M. E. Gertsenshtein, Zh. Eks~
perim. i Teor. Fiz. 50, 1084 (1966) [translation; Sovi-
et Phys.—JETP 23, 722 (1966)].

8I. R. Krichevskij, N. E. Khazanova, and L. R. Lin-
shits, Dokl. Akad. Nauk. SSSR 141, 397 (1961); N. E.
Khazanova and L. S. Lesnevskaya, Zh. Fiz. Khim. 40
76, 464 (1966). —

“L. O. Sundelof, Arkiv Kemi 15, 317 (1960); H. L.
Lorentzen and B. B. Hansen, Acta Chem. Scand. 11,
893 (1957), and 12, 139 (1958).

M. Fixman, Advan. Chem. Phys. 6, 175 (1964).

°D. L. Timrot and K. F. Shuiskaya, Inzh.-Fiz. Zh.
Akad. Nauk Belorussk. SSR 10, 176 (1966); Y. R. Chash~
kin, V. G. Gorubnova, and A. V. Voronel, Zh. Eks-
perim. i Teor. Fiz. 49, 433 (1965) [translation: Soviet
Phys.—JETP 22, 304 (1966)].

193, D. Noble and M. Bloom, Phys. Rev. Letters 14,
250 (1965).

N, J. Trappeniers and P. H. Oosting, Phys. Letters
23, 445 (1966).

2. Modena and F. P. Ricci, Phys. Rev. Letters 19,
347 (1967).

137, Kestin, J. H. Whitelaw, and T. F. Zien, Physica
30, 161 (1964).

SUPPRESSION OF A TWO-STREAM INTERACTION IN A BEAM-PLASMA SYSTEM
BY EXTERNAL ac ELECTRIC FIELDS
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We report an experimental study of the inter-
actions between ion-acoustic waves excited
in a beam-plasma system and externally applied
ac electric fields. This ac electric field is
introduced into the plasma through a beam mod-
ulation. The nonlinear interactions described
here are the modulation and asynchronous quench-
ing of the ion-acoustic waves and the subhar-
monic resonance of the applied signals or so-
called parametric resonances.!
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The experimental arrangement is shown in
Fig. 1. A cylindrical discharge tube (made
of glass) of the hot-cathode type was used with
an electron gun. The accelerating electrode
E, of the gun in Fig. 1 worked as an anode for
the main discharge in pair with the hot cathode
K. A plasma was produced by means of a hot-
cathode mercury discharge at the current I;
from 1 to 100 mA; the plasma density was in
the range 108-10° cm ™3 at the background pres-



