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A study of the mobilities of the positive and negative ions in liquid helium has estab-
lished the fact that the ion scattering is closely connected with the superfluid character of
the liquid [1-5]. The moving ion interacts with the gas of phonons and rotons, and this inter-
action determines the features of the mobilities of the charged particles in HeII.

In HeB-Heh solutions it is necessary to add to this mechanism the interaction with the
impurity excitations, which is connected with the presence of He3. This is evidenced by the
data of [6], where the mobility was investigated in solutions with very low fied concentrations
(1.3 x 1073

the ion mobility down to 0.8°K, but at lower temperatures the mobilities of both the positive

and 5.1 x 1073 %), and it was observed that the presence of He3 hes no effect on

and negative ions become lower than in pure Heh.

The present investigation was undertaken to obtain more detailed information on the
character of ion scattering by He3 atoms. We measured the mobility of the positive ions in
an He3-Heh solution containing 3.9% He3, in the temperature interval from TA to 1,L4°K.

The ions were produced in the liquid helium under the influence of electrons emitted
from a layer of titanium tritide deposited on a molybdenum disc placed in a measuring cell.¥
The ion mobility was measured by a method similar to that used in [3]. Electric pulses were
applied in synchronism to two pairs of grids placed in the measuring cell, in such a way that
the grids allowed the ions to pass at one pulse polarity and retained the ions at the opposite
polarity. Each pair of grids thus served as a shutter that could be either opened or closed
in synchronism. When the ion travel time between the shutters in a given electric field
was equal to the period of the pulse or to & multiple of it, the frequency dependence of the
ion current was a maximum. From the position of these maxima it was possible to calculate
the time necessary for the ion to cover the given distance, and the ion velocity.

The distance between shutters was 3.00 * 0.05 mm, and the volume of the measuring cell

was about 3 cm3. The temperature in the cryostat was maintained constant by an electric sta-

bilizer accurate to 10—5°. The mobility-measurement accuracy was not worse than 4%, and the
absolute error was apparently somewhat higher.
The figure shows the mobility u of the positive ions against the reciprocal temperature

in pure Heh (curve 1) and in an He3-Heh solution (curve 2) in the temperature interval from T,
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to 1.4°K, It follows from the plot that the depend-

4 Y/ cmz/w-sec
ence of u on 1/T for He agrees well with the data of 10

{2,3,7], which are represented by the solid lines a7

(our results are represented by the circles). zhe 250

curve 2 for solutions lies below curve 1 for He 1in /

the entire temperature interval, Whereas for the b'
solution investigated in [6], with a concentration 425 ‘///‘pgi—
5.1 x 10-3%, the difference between the ion mobility rﬁgr z

in Heh and in the solution shows up only at 0.8°K, gﬁjg%

in the case of a solution with 4% concentration, as anw

seen from the figure, such a difference can be seen

starting with practically the A-transition temper-

ature. At 2.1°K, the decrease of the mobility in nn

the solution is about 15% compared with Heh, reaching ¢ 95 g6 Ik g7
Ls% at 1.4°K, it being clear that with further lower-

ing of the temperature this difference will continue Positive-ion mobility in liquid

helium vs. the reciprocal tem-
M perature. Curve 1l: solid - data
bility becomes steeper above 2,1°K, for both pure He of [2,3,7], o - present work.
Curve 2: He3-He* solution. T
L and Tr pertain to He" and the
In the case of pure He , Arkhipov [5] calculated solution, respectively.

to increase. The temperature dependence of the mo-
and the solution, owing to the proximity of the A-point.

the decelerating force acting on the ion, under the

assumption that only phonons and rotons are present. It is easy to perform a similar calcula-
tion for HeB—He solutions, with allowance for the impurity excitations connected with the
presence of the He3. This makes it possible to calculate the ratio of the ion mobility u in
the solution to the mobility up in pure Heh. For sufficiently high temperatures, where scat-

tering by phonons can be neglected, calculations yield:

[ Po Ne

- ’

Ko po N, + 2Ny aAR (2mg o kT)1/2

3

where Py is the roton momentum, Nr and NHe3 are respectively the numbers of rotons He~ atoms

3

per unit volume, and m is the effective mass of the He~ atoms in the solution.

Calculation of ujio by means of the foregoing formula and its comparison with the ex-
perimental results show that the calculated values are about 15% lower than the experimental
values in the region of 2°K, and 80% lower near L.L°K.

An analysis of the foregoing results probadly calls for allowance for the fact that the
de Broglie wavelength of the impurity excitation connected with the He3 is comparable with the
dimensions of the positive ion.

The experiments with the He3—Heh are preseirtly continuing.

The authors thank A. I. Shal'nikov, R. G. Arkhipov, and I. O. Kulik for interesting
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discussions.
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A recent communication reports observation of superconductivity in the compound VBIn [1].

The critical temperature of this compound, as indicated by the authors, was 13.9°K. It is also

reported there that the authors were able to synthesize, besides V_In, a number of other va-

3
3Cd, V3Pb, V3Tl, and V3Bi. The last four
compounds exhibited no superconductivity at T > 4.2°K.

nadium compounds having the Crssi lattice, namely V

As indicated in [1], the samples of all the compounds were prepared by diffusion anneal-
ing vanadium wire in the vapor of the corresponding metal in & sealed quartz-glass ampoule, at
a temperature 1000 - 1200°C, for twenty hours.

A few years ago we attempted to synthesize V3In and V3Al and to investigated the super-
conducting properties of these compounds. The samples were prepared in the following manner:
Powders of the initial metals were mixed in the required ratios and pressed with a hydraulic
press into cylinders of 5 mm diameter and 8 - 10 mm length. The samples were suspended on a
vanadium wire or foil in a quartz-glass ampoule, which was evacuated, sealed, and placed in the
loop of a high-frequency oven to sinter the samples.

The so-prepared samples of V with In and V with Al became superconducting at critical
temperatures “10°K and ~15°K, respectively.

Further investigations have revealed that if the walls of the quartz ampoule are covered
on the inside with a vanadium foil, then the critical temperature of the samples is greatly
lowered, to 2°K in some cases. The samples underwent a spectral analysis, which showed that
the spectra of all the samples that became superconducting at high temperatures contained ra-
ther intense silicon lines, whereas in samples so prepared that they became superconducting at
temperatures below U.2°K, no silicon was observed.

Introduction of small amounts of powderec quartz glass into the sample caused supercon-
ductivity to set in at high temperatures (~10°K) even when the ampoule walls were covered with
vanadium foil.

The foregoing facts give grounds for assuning that sintering of samples of vanadium-
containing systems in quartz ampoules may be accompanied by de-oxidation of the ampoule walls
by the metal vapor and the formation of the temary compounds V381 M on the surface of the
sample, and these cause lines of the Cr3Si lattice to appear in the x—ray spectrum, Our
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