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We have measured the mobility of positive and negative ions in liquid 3He
as a function of the temperature and the density of the liquid. Previous measure-
ments had been performed by Meyer, Davis, Rice, and Donnelly! and in this
laboratory,2® but they were not so extensive as those presented here.

We used two different techniques in performing the mobility measurements.
The first technique—the same used to obtain the measurements reported by
Modena? and de Magistris*—is based on the method devised by Cunsolo* for *He
and consists of the measurement of the time-of-flight of ions between two electrodes,
whose distance is known. Recently one of us (F.S.) developed a new method based
on the measurements of the voltage—current characteristics of a diode under a
condition of complete space charge limitation. This condition is defined by having
zero electric field at the ion source electrode. The integration of the Poisson’s
equation gives the following simple relation:

i=oauV?

where i is the measured current, V the applied potential, 4 the ionic mobility, and
o a coefficient depending on the geometry of the cell. This method has been success-
fully used in the measurement of ionic mobilities in “He.> The latest measurements
have been performed with this method, which is faster and simpler to use, and gives
smaller errors. The time-of-flight method requires that the distance between two
electrodes be known. The complete space charge method requires, besides this, the
knowledge of the absolute values of the current and the voltage. We have preferred
to calibrate the complete space charge cell with respect to one experimental point
taken with the time-of-flight method ; the agreement for the other data is satisfactory.
The electric fields used with the complete space charge method are rather lower than
those used for the other method ; they were never above 30 V/cm.

The technique used to increase the pressure in the experimental cell has been
described by de Magistris and Modena.? Briefly, it consists of a stainless steel
Toepler pump (a bellows filled with mercury), which enabled us to reach pressures
up to 25 atm using not more than 2 liters NTP of *He. Before entering the cell, the
3He was passed through a trap at liquid *He temperature. A standard type of
continuous 3He refrigerator enabled us to reach the temperature of 0.39°K.

In Figs. 1 and 2 the values of the mobility for positive and negative ions, res-
pectively, are reported as a function of the density of the liquid, for different tempera-
tures. For negative ions the vapor pressure values are indicated by a dotted line
(Fig. 2). For positive ions this has not been made, as the vapor pressure mobilities
had already been presented by de Magistris and Modena.® Both the straight lines
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Fig. 1. Positive ion mobility at different constant temperatures vs. the density of the liquid.
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Fig. 2. Negative ion mobility at different constant temperatures vs. the density of the liquid.
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in Fig. 1 and the curves in Fig. 2 must be considered as a rough attempt to find an
empirical best fit to the data for a fixed temperature. The errors reported in both
figures are not to be intended as statistical errors, but as a measure of the uncertainty
with which the straight lines can be drawn through the experimental points. In
both methods it is necessary to draw a straight line (see Cunsolo* and Scaramuzzi®).

It is not possible at present to fit our experimental data to any satisfactory
theory. We will limit ourselves to pointing out a few considerations about the limits
within which a classical model can fit the data. The classical approach to this prob-
lem can be summarized in the two formulas describing the motion of an extraneous
particle in a fluid, due to Einstein:

eD
- 1
b= 1
and to Stokes—Einstein:
KT
D= 2
67 R @
Combining them, we get the well-known Walden’s rule
nu = constant 3)

valid in the hypothesis that the radius of the particle is constant. Table I shows the
values of nu in arbitrary units calculated for positive and negative mobilities at
vapor pressure as a function of temperature. From Table I it appears that equation
(3) is satisfied only for positive ions for temperatures down to ~1.4°K. The lack of
data for # values under pressure prevents us from extending this kind of computa-
tion to larger liquid densities.

Another quantity which can be calculated in the approximation of this model
is the diffusion coefficient of the ion, D,,, from equation (1). As already noted by
de Magistris and Modena,® D;, exhibits the same temperature dependence of the
self-diffusion coefficient down to ~1.4°K (the ratio of the absolute values D/D,,
is about 7), but the values at lower temperatures show a complete disagreement

Table 1. The nu Product in Arbitrary Units for Positive

and Negative Ions Computed from Smoothed Values of

u at Vapor Pressure and from the Viscosity Measure-
ments by Betts ez al.®

T Nt s nH—
3.0 17.7 6.3
25 18.5 7.0
2.0 18.5 7.5
1.5 18.6 7.9
13 19.9 8.5
1.0 222 9.4
08 239 10.0

0.5 30.0 12.2
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Table II. Comparison Between the Atkins Radius (Snow-
ball Model) and the Stokes Radius [see Equation (4)],
both in Angstrom Units, as a Function of Temperature

T R(Atkins)  R(Stokes)
3.0 4.55 4.78
2.2 495 4.55
1.6 5.40 4.53
0.8 6.05 3.54

between the two diffusion coefficients. In particular, in the D;, curve there is not
any minimum corresponding to that in the D curve.

Referring to the density dependence of the mobility, we want to point out that
even the data for the self-diffusion coefficient under pressure, given by Garwin and
Reich,” show a behavior almost linear in the same range of densities as ours, like
the mobility of positive ions (see Fig. 1).

A simple model for the positive ion was given by Atkins,® who computed the
effective mass of the ion due to polarization forces. Although the model is very rough,
we may suppose the radius of the ion to be the distance at which the pressure equals
the melting pressure. This implies the picture of the “snowball,” or solid cluster ion.
The values of R thus calculated and those from the values of u using the Stokes
formula

_ e
 6mp

are reported in Table II. The two sets of values are in good agreement as far as the
magnitude is concerned, but the dependence in temperature is opposite.

To conclude, we want to point out that, recently, theoretical work has appeared
in which the motion of the ions is considered in systems made up of bosons® or
fermions,”'® but it is impossible to test these theories making use of our data,
because they are valid only at temperatures lower than those we had to deal with.
Work is in progress to extend the temperature range of our measurements.

)

References

1. L. Meyer, H. T. Davis, S. A. Rice, and R. J. Donnelly, Phys. Rev. 126, 1927, 1962.

2. I. Modena, Proceedings of the Eighth International Conference on Low Temperature Physics, Butter-
worths, London. (1963), p. 51.

3. P. de Magistris and [. Modena, CNEN, report LNF 63/83 (1963).

4. S. Cunsolo, Nuovo Cimento 21, 76, 1961.

5. F. Scaramuzzi, CNEN, report LNF 63/78, 1963.

6. D. S. Betts, D. W. Osborne, B. Welber, and J. Wilks, Proceedings of the Eighth International Con-

ference on Low Temperature Physics, Butterworths, London (1963).

7. R. L. Garwin and H. A. Reich, Phys. Rev. 115, 1478, 1959.

8. K. R. Atkins, Phys. Rev. 116, 1339, 1959,

9. Ryuzo Abe and Ko Aizu, Phys. Rev. 123, 10, 1961.

10. R. C. Clark, Proc. Phys. Soc. 82, 785, 1963.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


